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Introduction 
CHAPTER 1 
INTRODUCTION 
Vegetables are the fresh and edible portions of herbaceous plants. rhc\ are 
important food and highly beneficial for the maintenance of health and prevention 
of diseases. More than 40 kinds of vegetables belonging to different families. 
namely, solanaceae, cucurbitaceae, leguminaceae, cruciferae (cole crops). Root 
crops and leafy vegetables are grown in India, in tropical sub-tropical and 
temperate regions. Important vegetable crops grown in the country are tomato, 
onion, brinjal, cabbage, cauliflower, okra and peas etc. 
The vegetable constitute a very important part of our daily diet and do not 
only adorn the table but also enrich the human health due to its nutritional value. 
For a balanced diet an adult needs about 250 gm of vegetables/ da}. but the 
national consumption is less than 81 gm. This is because of non-availability ol" 
adequate amount of vegetables as their actual production is less than the required 
quantity. However, still the vegetables hold a very high potential for combating 
the food storage as their yield per unit area is more than five times of any cereal 
crop. 
Over the last few decades, the value of vegetables has increased worldwide 
along with a considerable increase in the global vegetable supply, with a per 
annum growth rate of 4 million (FAO, 2006). Vegetables are rich sources of 
vitamins, minerals, proteins, carbohydrates and dietary fibers, fheir consumption 
provides taste, palatability, increase appetite and provide fair amount of fibers. 
They also play a key role in neutralizing the acids produced during the digestion of 
protein, fatty food and also provide valuable roughages, which promote digestion 
and help in preventing constipation. 
Intraductian 
Okra has been used as a vegetable for its green pods, in the fresh state, 
canned, or frozen. The sodium content of okra is very high. Okra is made into 
tablets, and they are valuable in replenishing a sodium deficiency in the bod\ and 
in replacing sodium lost through excessive perspiration. Tablets are also good for 
ulcers of the stomach. It is low- calorie vegetable and is good for elderh people. 
The nutritive value/100 gm of edible portion is moisture - 89.6 gm; protein-1.9 
gm; fat-0.2 gm; minerals-0.7 gm; fibre-1.2 gm; carbohydrates- 6.4 gm; calcium-
66 mg; magnesium- 43 mg; phosphorus- 56 mg: iron- 1.5 mg: sodium- 6.9 mg; 
potassium- 103 mg; copper- 0.19 mg; sulphur- 30 mg; oxalic acid- 8 mg: nicotinic 
acid- 0.60 mg; thiamine - 0.07 mg; riboflavin 0.1 mg; vitamin A- 881.4; vilamin-
13mg(Aykroyd 1963). 
The test crop, okra lady"s finger [Abelmoschus esculentus (L.) Moench] 
belongs to Malvaceae or Mallow family, as does cotton, is of African origin and 
was introduced into the United States and West Indies under the Spanish name, 
gumbo and is a warm season, kharif crop, requires high soil temperatures and high 
day and night temperatures for best production. It grows in many parts of the 
world i.e. India, Malaysia, the Philippines, the Middle East, the Mediterranean 
region, Central, East, and West Africa, Central America, and in general throughout 
the tropics (Cooke, 1958). 
Plant parasitic nematodes are capable of producing recognizable disease 
symptoms on suitable susceptible hosts. Endoparasitic nematodes are more 
damaging and agriculturally important than other groups. Plant parasitic 
nematodes affect the production and economy of crop in diverse wa\s such as 
reduction in quality and quantity of crop, need of addifional fertilizer and water, 
application of nematicides and impediment of production and trade by 
phytosanitary regulations (Weischer, 1968). Root-knot nematodes are amonu the 
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most economically destructive group of plant parasitic nematodes causing damage 
and yield losses on most of the cultivated plants (Sasser and Freckman. 1987). 
There are some reports of crop losses in terms of money. A loss of 5 
million kroners was estimated due to cereal cyst nematode. Heterodera avenue in 
Denmark (Stapel, 1953). USDA estimated an annual crop loss of 372.335000 
dollars to sixteen crops (Taylor, 1967). The estimated annual loss due to 
nematodes in USA was of the order of $10, 38. 374,300 in 16 field crops. $ 
225.145,900 in fruits and nut crops. $ 266.289,100 in vegetable crops and $ 
59,817,634 in ornamental crops (Feldmesser et al., 1971). Sasser and Freckman 
(1987) have indicated annual crop losses due to plant parasitic nematodes on 
worldwide basis to the tune of $ 100 billion. In a worldwide survey conducted by 
Sasser (1989), the most important genera of plant parasitic nematodes re\ealed 
were Meloidogyne, Pratylenchus, Heterodera, Ditylenchus. Glohodera. 
Tylenchulus, Xiphinema, Radopholus, Rotylenchulus and Helicotylenchus. fhis 
order of importance of various genera was found to be representative Ibr most 
regions of the world. The estimated overall annual yield loss of world's major 
crops due to damage by plant parasitic nematodes is 12.3 %. 
In India, the annual loss inflicted by pests, disease nematodes and weeds is 
estimated at Rs. 6,000-17,000 crores. Many workers have attempted to assess crop 
losses caused by plant parasitic nematodes in India. Van Berkum and Scshadri 
(1970) have calculated the annual losses due to 'ear cockle* disease caused bv 
Anguirta tritici on wheat, at $10 million, due to Pratylenchus coffeae on coffee al 
$3 million and due to molya disease caused by Heterodera avenae in Rajasthan 
alone at $8 million. The yield of okra, tomato, and brinjal suffered 90.9. 46.2 and 
2.3% losses, respectively, due to Meloidogyne incognita infestation at the rate of 
3-4 larvae/g soil under field condifions (Bhatti and Jain, 1977). Reduction in \ield 
of tomato (Lycopersicon esculentum), ranging from 28% to 75% has been reported 
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by various researchers (Ibrahim et al, 2000; Rajendran et ai, 2003). Okra 
{Abelmoschus esculentus), is an important vegetable crop, cuhivated over an area 
of 2.21 lakh hectares in India with production of 18.87 million tones with an 
average productivity of 8.5 tonnes/ hectare. Among the nematodes, plant parasitic 
nematodes belonging to 15 genera have been reported on okra from India. (Bhoslc 
et al, 2004). 
Root-knot nematode Meloidogyne incognita and reniform ncjnalode 
{Rotylenchulus reniformis) are the major constraints in growing okra crop 
successfully and are widely distributed in India, causing significant yield losses 
(Majumder et ai, 2004). However, Meloidogyne incognita alone accounts for 21-
91% yield loss (Reddy and Singh, 1981) 
The fungi that cause seedling diseases of vegetables are common pcsls to 
most of the plants. The fungi that infect vegetables seedlings are some specific 
species of Rhizoctonia besides R. solani, certain Fusarium species, and 
Phytophthora species.T\yQ most common are Pythium species and Rhizoctonia 
solani. R. solani is also very common in most soils and also has a ver> wide range 
of host plants that it can survive on. 
Ibrahim et al. (1977) Reported from Egypt that the fungi associated with 
seedling and podrot of peanut in inoculation tests of Rhizoctonia solani and 
Sclerotium rolfsi, which were highly pathogenic to seedlings and plants at fruiting 
stage. Lakshmanan et al. (1979) reported the occurrence of color-rot and web-
blight of cowpea caused by Rhizoctonia solani in Kerala. This new disease of 
cowpea was noted when cowpea was cultivated as a fallow crop in rice field in 
summer. Banville (1989) conducted two field experiments over three years at les 
Buissons, Quebec demonstrated a causal relationship between the black scurl" 
stage and the disease phase of Rhizoctonia solani on potato cultivars i.e. (Jrcen 
Mountain and Norland. Planting sclerofia infested seed pieces as compared to 
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sclerotia-free seed pieces resulted in a significant reduction in total \ield, 
marketable yield, number of tubers, mean tuber weight, specific gravit> and 
sometimes in total number of main stems and stolons. Daughter tubers bearing 
sclerotia were significantly more numerous from sclerotia infested seed sets. 
Under natural conditions a plant is a potential host to various micro-
organisms and they can influence each other by occupying the same habitat. 1 hesc 
micro-organisms often develop symbiotic, synergistic or antagonistic relationship 
amongst themselves which could be primarily because of nutritional or spatial 
competition. It is inherent in nature of all living organisms to co-operate with one 
another especially if they have similar and overlapping food resources. This is all 
the more true for the soil which is a complex ecosystem having a wide variet\ of 
life forms (including plants and animals). The plants in one or the other forms are 
the direct or indirect sources of food for the consumers of all tropic levels 
including plant pathogenic organisms. 
In nature plants are rarely, if ever, subjected to the influence of onl\ one 
potential pathogen. This is especially true for soil borne pathogens, where there is 
tremendous scope for interaction with other micro- organisms occupying the same 
ecological niche. Examples of interactions among soil microbes influencing 
disease development can be seen in plant parasitic nematodes - pathogen 
complexes. A disease complex is produced through interactions between two 
organisms. Interaction may be of different types such as synergistic interactions 
which is summarized as being positive where an association between nematode 
and pathogen results in plant damage exceeding the sum of individual damage b\ 
pest and pathogen (1 + 1>2). Conversely, where an association between nematode 
and pathogen results in plant damage less than that expected from the sum of 
individual organism, the interactions may be described as antagonislic( 1 - 1<2). 
The third type of interaction is where nematode and pathogen are known to 
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interact and are shown to cause plant damage that equates to the sum of individual 
damage by pest and pathogen; the association may be described as neutral 
(1 + 1=2). Although the former two associations can be readily demonstrated 
experimentally, the latter can prove difficult to identify, as neutral associations can 
results in similar plant damage to that seen in additive associations, where 
nematode and pathogen are known not to interact with one another. 
Nematode-fungal disease complexes, especially those involving 
Meloidogyne spp., are common on many crops (Golden and Van Gundy. 1975: 
Diomande et al., 1981; Abawi and Baker, 1984; Starr et ai, 1989). Ihe 
association of nematodes and fungi on plants may cause synergistic, additive, or 
antagonistic effects with respect to disease development and yield suppression. 
Synergistic associations are generally attribute to the enhancement of fungal 
infections due to physiological effects on the plant of nematode parasitism 
(Golden and Van Gundy 1975; Starr and Aist. 1977). In the synergistic association 
of Meloidogyne incognita and Rhizoctonia solani on okra and tomato, roots of 
both crops were colonized to a greater extent by R. solani in the presence of M. 
incognita compared to colonization of plants exposed to R. solani alone ((jolden 
and Van Gundey 1975). Siddiqui and Husain (1991) reported a similar effect of 
M. incognita on the colonization of chickpea roots by Macrophomina phaseolina. 
Not all associations of nematodes with soil borne fungal pathogens result in 
synergistic effects. Starr et al. (1996) reported that the effects of Sclerotium rolfsii 
and M. arenaria on yield of peanut and incidence of Southern blight were additi\c 
over a range of different inoculum levels of both pathogens. Jorgenson (1970) 
reported antagonistic effects for the association of Heterodera schachiii and 
Fusarium oxysporum with respect to growth of sugarbeets. 
For the control of root-knot nematode, {Meloidogyne spp.). chemical 
control still remains to be one of the most outstanding methods in terms of 
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immediate results, but phytotoxic effects sometime pose difficulties in this 
indiscriminate use. There are reports where nematicidal chemicals have been 
found to contaminate the underground water and thus are potentialK toxic to 
human being (Alam and Jairajpuri, 1990). Due to hazardous effect and high cost 
of the chemicals there has been a growing interest in alternate disease control 
technologies. 
Organic amendments that are generally used for increasing agricultural 
productivity have been shown to have a suppressive effect on plant parasitic 
nematodes (Alam 1976). Organic soil-amendments have been found to effecti\el\ 
suppress the noxious nematodes to varying extent depending upon the type of 
organic matter, nematode, host plant species and the prevailing ecological 
conditions (Sayre, 1971; Muller and Gooch, 1982; Godoy et al. 1983). 
Singh and Sitaramaiah (1973) carried out research on the effect of organic 
amendment/manuring on nematode populations. A number of indigenous plant 
products have been identified to be toxic to nematodes. Khan et al. (1974) argued 
that the beneficial effects of the organic amendments arc due to certain 
nematicidal compounds that are released during decomposition of organic 
additives in soil. 
Keeping in view the economic importance of okra as food and fiber plant 
besides having medicinal values and the association of root-knot nematode and 
root-rot fungus on the plant, it was considered desirable to study whether this 
aggravated damage was casual or due to the result of interactive effect of R.soloni 
and M. incognita. With this aim in view the following aspects have been studied. 
(i) Studies on the pathogenicity of root-knot nematodes (Meloidogyne 
incognita) on okra. 
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(ii) Studies on the pathogenicity of root-rot fungus {Rhizoctonia solani) on 
okra. 
(iii) Studies on the effect of individual, concomitant and sequential inoculation 
of root- knot nematode {Meloidogyne incognita) and root-rot fungus 
{Rhizoctonia solani) on plant growth and disease development. 
(iv) Effect of organic amendments on the management of two test pathogens 
viz. Meloidogyne incognita and Rhizoctonia solani. 

REVIEW ofLitBraturE 
CHAPTER 2 
REVIEW OF LITERATURE 
The plant is said to be healthy when it carry out its physiological functions 
to the best of its genetic potential. Under natural conditions there are man> l\ pes 
of microorganisms and environmental factors which alter to the normal 
physiological functions of the plant and resulted in the development of disease. So 
the series of invisible and visible responses of plant cells and tissues to a 
pathogenic microorganisms or environmental factor that result in adverse changes 
in the form, function, or integrity of the plant may lead to partial impairment or 
death of the plant or its part. 
The plant pathogenic microorganisms, such as viruses, fungi, protozoa, and 
nematodes, usually cause disease in plants by disturbing the metabolism of plant 
cells through enzymes, toxins, growth regulators, and other substances the\ 
secrete, and by absorbing foodstuffs from the host cells for their own use. 
2.1 Review related to pathogenicity 
It is the ability of the parasite to interfere with one or more of the essential 
functions of the plant and thereby cause disease. Many species of plant parasitic 
nematodes predispose the plants to fungal and bacterial infections and thus the 
plants may suffer greater damage from concomitant infection. 
Pathogenicity tests are thus necessary to determine the tolerance limits or 
damage threshold of a particular pathogen under a particular set of environmental 
conditions for different crop cultivars as it has significant bearing on the 
development and establishment of disease syndrome. Such studies are helpful in 
characterizing fundamental relationship between number and kinds of nematode 
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crop performance. As per as pathogenicity of nematodes to different crops is 
concerned, a lot of work has been carried out time to time to establish threshold 
level in different species i.e., maximum damage causing level and it alwa\s varied 
from species to species, host to host under different environmental conditions. 
Santo et al. (1981) studied the effect of M chitwoodi on the growth of some 
of the common varieties of wheat, com, oat, and barley grown in the Pacific 
Northwest. Roots of all hosts parasitized by M. chitwoodi weighed less (P 0.01) 
than noninoculated controls plants. However, no difference in top growth was 
observed. There was no significant reduction in growth of the plant when plants 
were tested by other nematodes. 
Gupta, and Yadav (1988) studied pathogenicity of papaya {Carica papaya 
L.) by inoculating with 500, 1000, 2000, 4000, 8000, freshly hatched juveniles of 
M incognita I plant. The progressive decrease in shoot length, shoot weight, root 
length, root weight and reproduction factor were recorded with increase in level of 
inoculum. Reductions in shoot length, root length, and plant weight were found to 
be significant in the inoculated plants compared to the uninoculated ones, fhe 
number of galls continued to increase with the increase inoculums levels 4000 to 
8000. 
Haseeb et al. (1988) observed maximum reduction in plant dry weight 
(54.57 %) and oil yield (50%) at the highest inoculums level, when Ocimum 
basilicum cv. French seedlings were inoculated in a greenhouse experiment with 
0. 50, 500, 2500, 5000, or 10000 eggs and freshly hatched 2"^  stage juveniles of 
Meloidogyne incognita. 
Pandey (1990) observed that seedlings of Hyoschyamus albiis were 
inoculated with 1, 10, 100, 1000. or 2000 2„d stage juveniles of Meloidogyne 
incognita in a pot experiment. As inoculums level increased there was a 
10 
Review of Literature 
corresponding decrease in plant length, fresh and dry weights and total chloroph> 11 
content. Root-knot galling also increased with inoculums level. 
Bhagawati and Phukan (1991) studied the pathogenicity of Meloidogyne 
incognita on pea variety Boneville with four inoculum levels viz. 10. 100. 1000 
and 10,000 larvae ofM incognita per 500 g soil along with check. Significant 
plant growth reduction was found with an initial inoculum of 1000 larvae o\' M. 
incognita per plant per 500 g of soil. Maximum number of galls and egg masses 
were found at 1000 larvae per 500 g of soil. The reproductive rate of nematode 
was maximum at the lowest inoculum density and minimum at the highest 
inoculum density. 
Dalai and Bhatti, (1996) reported that in mung bean, an inoculum of 1000 
second stage juveniles of Meloidogyne javanica per kg soil was recorded as the 
damaging threshold in both Rhizobium treated as well as untreated plants. In 
cluster bean {Cyamopsis tetragonoloba L.), a significant decrease in yield was 
associated with 10,000 second stage juveniles / kg soil in RJnzobium treated plants 
whereas 1,000 juveniles decrease the yield, fresh shoot weight and length 
significantly in untreated plants over the check. 
Ramakrishna and Rajendran (1997) reported that the number of leaves, leal' 
area, chlorophyll a and b and their total content in papaya leaves were signillcantK 
reduced with an increasing inoculum level of Meloidogyne incognita, under 
controlled conditions. The threshold level for Meloidogyne incognita to lower the 
chlorophyll content was one juvenile/g of soil. 
Poornima and Vadivelu (1992) studied the pathogenicity of Meloidogyne 
incognita Race-3 on turmeric {Curcuma longa L. cvs. BSR-1 and PTS-10). Ihe 
nematode was pathogenic at 5000 and 10,000 Jz/plant, inoculated 15 days alter 
planting. The leaves of the inoculated plants were pale in colour and shoot weight 
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reduced by 6-10 % in both varieties. Rhizome yield reduction in cv. BSR-1 was 25 
and 18.6% at 5000 and 10,000 nematodes / plant, respectively while it was 48.2 
and 41.3 % at these inoculum levels for PTS-10. In both the turmeric cultivars. the 
levels of protein, carbohydrate chlorophyll a, b, and total rhizome curcuma lev els 
were lowere in plants inoculated with 10,000 juveniles when compared to healthy 
ones. It was concluded that the nematode caused loss in yield a swell as quality of 
the produce in turmeric. 
Khan and Jyoti (2004) assessed the pathogenic potential of Meloidogyne 
incognita on carnation. Nematodes were inoculated on thirty days old carnation 
{Dianthus caryophyllus) plant roots at population of 10, 100, 1000, 10000 second 
stage juveniles. Plant growth was reduced at the level of 1000 and 10.000 
juveniles compared to the control. 
Chand (2004) studied the pathogenicity oiMeloidogyne incognita to Allium 
hookeri using different inoculum levels i.e., 0, 10, 100, 1000 and 10.000 second 
stage juveniles per pt. economic threshold level was recorded to be 100 nematodes 
per pot and caused 31.54% reduction on the fresh root weight over the control. 
However, maximum disease incidence and reduction in plant growth were 
recorded in 1000 and 10,000 nematodes/pot. 
Ansari and Azam (2005) conducted an experiment to determine whether 
and to what extent the root-knot nematode, Meloidogyne incognita, would 
interfere with nodulation and damaging potential of this nematode on green gram. 
One-week old seedlings were inoculated with 0, 500, 1000. 2000. and 4000/pot 
second stage juveniles of Meloidogyne incognita. The maximum damage was 
observed at 4000 juveniles/pot. Number of galls was maximum at 4000 
juveniles/pot. The maximum and minimum reproductive rates of nematodes were 
recorded in the lowest inoculums (500) and highest inoculums level 4000. 
respectively. 
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Khan et al. (2006) evaluated the effect of different inoculums levels viz.. 0. 
250. 500, 1000. 2000, 4000 and 8000 juveniles of Meloidogyne javanica on 
broccoli {Brassica oleracea var. italic Pleorek). The analysis of data revealed that 
population level of 1000 juveniles/kg soil was associated with significant decline 
in plant growth and was thus indicative of being pathogenic level. 
Khan et al. (2006) conducted an experiment to study the effect of different 
inoculums levels viz.. 0. 250, 500. 1000, 2000. 4000 and 8000 second stage 
juveniles of M. javanica J2/plant on balsam. The results indicated that an inoculum 
level of 500 and above Ja/plant significantly decreased the length and dry w eight 
of the plants. Number and galls/root system and root-knot nematode population in 
soil and roots progressively increased with an increase in nematode inoculum 
levels from 250 to 8000 J2/plant. Nematode reproduction rate with an increase in 
nematode inoculum levels. It was maximum at the inoculum level of 250 .N/plant 
and minimum at the inoculum level of 8000 J2/plant. Nematode inoculated plants 
exhibited symptoms such as stunted growth, yellowish and dropping of leaves al 
and above 500 Ja/plant. This clearly indicated that 500 and above second stage 
juveniles of M yavaw/ca/plant was determined to plant growth. 
Singh and Khurma (2007) reported that six tomato cultivars Moneymaker. 
Beefsteak, Roma, Summertaste, Mini Roma and Smallfry were tested for their 
susceptibility to root- knot nematodes at inoculum levels of 200. 400. 600 
Juveniles (J2) per pot. All were found to be susceptible to varying degrees as egg 
masses were present in all with Moneymaker and Roma being the most susceptible 
and Mini Roma, the least susceptible. The inoculum levels had a significant effect 
(p<0.05) on the number of galls and plant weights. The gall numbers and plant 
weights was negatively correlated, with the highest gall numbers and lowest plant 
weights recorded at the highest inoculum level in all cultivars except in Mini 
Roma in which there was little variation in gall numbers and plant weights. 
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Khan et al. (2008) studied the pathogenicity of Meloidogyne javanica on 
broccoli at different inoculum levels from 500 to 8000 juveniles/kg soil. There 
was a progressive decline in all the plant growth parameters and reproduction 
factor of the nematode. Although 8000 juveniles/kg soil showed maximum plant 
growth reduction and root-knot index, statistical analysis of the data revealed that 
the population of 1000 juveniles/kg soil was associated with significant decline in 
plant growth. Hence, this level was indicative of being the pathogenic level 
Hossain et al. (1989) reported Rhizoctonia solani leaf spot on two new 
hosts radish and groundnut. Saeed et al, (1990) studied on population dynamics of 
the fungal incitants of root-rot and wilt disease complex of sunflower 
Macrophomina phaseolina, Fusarium oxysporum, F. solani, Pythium ultimwn and 
Rhizoctonia solani were isolated from diseased sunflower roots in Hl-minia, 
Assiut, sohag and Upper Egypt. 
Moustafa et al. (1992) noticed the reaction of certain tomato culti\ars to 
Fusarium oxysporum fsp. lycopersici and Rhizoctonia solani respectively. IJcven 
tomato cultivars were serened for infection by F. oxysporum and R. solani in the 
green house in 1991. Reaction with Fusarium wilt varied with genotype, but no 
resistance to Rhizoctonia root-rot was shown. A synergistic effect between the tw o 
pathogens was evident. The tomato cultivars were classified into 3 groups 
according to their reaction to the Fusarium wilt, root-rot and synergistic complex 
resistant waiter, 204 A, 204B and Romitel, (2) tolerant FH Agera. Roma. 
Meliglous and chicco iii, and (3) susceptible Mecline, 4 (9)-3 and mone\ maker 
pathogens affected vegetative growth of seedlings, the effect was more severe 
when the two pathogens were used in combination. 
Stranto and Cappelli (1994) reported that Rhizoctonia solani caused 100 % 
seedling mortality in cowpea, 78.12 % in L. siceraria and 69.25 % in tomato. 
Macrophomina phaseolina caused 92.18 % disease in cowpea. 71.87 % in tomato 
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and 62.31 % in L. siceraria. Severe attacks by R. solani on Kohlrabi were 
observed in province of Latina, Italy during the spring of 1992-1993. Ihe fungus 
caused root and stem rot and caused loses up to 20 % of the crop. This was the 
first report of/?, solani on Kohlrabi in Italy. Isolates of the fungus were pathogenic 
to Kohlrabi when inoculated artificially. 
Channa et al. (1995) studied on Rhizoctonia solani (kuhn) causing root-rot 
of lentil Rhizoctonia solani was isolated from infected lentil roots and in vitro 
pathogenicity tests, 100% infection was recorded. 
Lian ji Nang et al. (1997) reported that maize yield losses caused by sheath-
blight {Rhizoctonia solani) were determined in 20 varities or combination in 
various parts of Jiangsu, China. Result showed that yield losses ranged from 5.62-
59.62 % were significantly and linearly correlated with the severity of the disease. 
Yield loss increase as disease severity increased. 
Demirci-E et al. (1999) reported that fungal pathogens were isolated from 
plants and seeds of chickpea cultivar Aziziye-94 (developed for possible large 
scale production in Eastern Anatolia in Turky) and their pathogenicity w ere tested 
individually or in combination in pot trials under controlled environmental 
conditions. Fusarium solani. F.sp. pisi and Rhizoctonia solani were the most 
pathogenic species when inoculated alone or in combination with other species. 
They caused substantial reductions in seedlings emergence, plant dry weight and 
height. 
Sharma (2007) studied the pathogenicity of root-rot fungus Macrophomina 
phaseolina on balsam. With the increase in the inoculum levels there was 
corresponding decrease in growth parameters of the plant and economic threshold 
level of the fimgus on balsam was recorded as 2.0g mycelia mat/plant. 
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Khandaker et al. (2008) tested a total of 33 hosts from different crop 
types viz. cereal, pulse, oil, vegetable and fiber plants for pathogenicit\ in 
artificially inoculated condition against two isolates (BTB115 and DK64) of 
Rhizoctonia solani, virulent to potato. In respect of symptoms developed on the 
stems, the most susceptible hosts against both the isolates were string bean, bottle 
gourd, groundnut, pea and pumpkin. Soybean stems were highly susceptible to 
DK64 and less suscepfible to BTB115. Disease symptoms did not develop on 
stems of five crops namely brinjal, proso millet {Panicum miliaceum L.). stem-
amaranth, kangkong {Ipomoea reptans L.) and tomato. Symptoms appeared on 
leaves of all the crops tested. Leaves of groundnut, bush bean, bottle gourd and 
okra were highly susceptible while those of barley and millet were less 
susceptible. 
Kumar and Kamalwanshi (2009) studied the pathogenicity of root-rot 
fungus Fusarium oxysporum f. sp. Pisi. on pea and on the basis of wilt index on 
pea concluded Ig of mycelial mat produce significantly high value index. 
2.2 Review related to interaction 
Under natural conditions a plant is a potential host to various micro-
organisms and due to same habitat, they can influence each other for the 
betterment of their survival. Infection by one pathogen can alter host response to 
subsequent infection by another pathogen. Different parasites on the same plant 
interact, which results in disease complex. Disease complex involving nematodes 
and other microorganisms are common in nature. In the complex biotic 
environment of soil, the pathogens are always influenced by associated 
microorganisms. Interactions involving nematodes is more important because the> 
contribute subsequently to the variability in crop growth (Zadoks and 
Schein,1979). Since the publicafion of Atkinson's report (1892) that Fusarium 
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wilt of cotton was more severe in the presence of root-knot nematodes 
{Meloidogyne spp.) than in its absence after that a large number of volume of data 
has been accumulated which firmly establishes the involvement and the role ol~ 
plant parasitic nematodes in interactions with fungal pathogens on various crop 
plants (Powell, 1971a, 1979; Pitcher, 1978; Hussey and McGuire 1987: Riedel. 
1988; Evans and Haydock, 1993; Francl and Wheeler, 1993; Prot 1993: Chahal & 
Chahal. 1998; Back et ai, 2002; Bhagawati et al., 2007). 
The frequency of involvement of nematodes and fungi in disease 
complexes is reflected in the number of crops on which such complexes are 
recorded and, as the single most destructive nematode species in the world, it is 
not surprising that Meloidogyne incognita has been so frequently reported in 
disease complexes. 
Brodie and Cooper (1964) reported that the mechanical wounding of cotton 
seedlings failed to increase the susceptibility to either Rhizoctonia solani or 
Pythium debaryanum also found that sporangial production of/*. debaryanum was 
almost ten times greater in the presence of juice expressed from root-knot galls 
produced by M incognita than in the presence of juice from healthy roots. Ihese 
observations indicate that the nematodes made the roots a better environment for 
fungal development, perhaps most simply by increasing the nutrient supplv 
available. 
Batten and Powell et al. (1971) observed that if Meloidogyne incognita 
preceded R. solani by 10 days or 21 days in roots of greenhouse grown tobacco 
plants, root-rot was more extensive then when the nematode and fungus were 
introduced either simultaneously or separately or when R. solani was added after 
artificial wounding. Histological examination of galled roots 72 days after 
inoculation with Rhizoctonia solani revealed extensive fungal colonization in the 
root-knot susceptible cultivar 'Dixie Bright 101' when M incognita preceded R. 
17 
Review of Literature 
solani by 21 days. Rhizoctonia solani normally nonpathogenic on mature tobacco 
roots may cause severe losses when present with well established root-knot 
nematodes infections. 
Hazarika et al. (1974) studied the interrelationship between Rhizoctonia 
solani and Meloidogyne incognita on egg plants {Solanum melongena L.) and the> 
showed that the number of galls on roots as well as the number of egg masses 
were significantly greater in plants inoculated with nematode and flingus together 
than in those inoculated with nematode alone. Moreover, the growths of egg plant 
were not affected significantly by the attack of M incognita or R. solani alone or 
by their combination. 
Chhabra et al. (1977) reported that there was significant reduction in the 
shoot and root lengths, and their wet and dry weight in the plant receiving the 
inoculum of a fungus + nematodes simultaneously, nematode + fungus 10 days 
after, and fungus + nematode 10 days after over control while nematode reduced 
the shoot length only. Maximum reduction in the plant growth was noticed w here 
fungus + nematodes were inoculated simultaneously. Fungus alone has almost no 
effect on plant growth reduction. 
Reddy et al. (1979) reported that inoculations of Phaseolus vulgaris with 
M. incognita alone or simultaneously with R. solani or 10 days prior to fungal 
infection reduced plant height and fresh weight of shoot and gave the maximum 
root-knot infection index. Simultaneous inoculations of both the pathogens caused 
grater damage than either organism acting alone. 
Sharma et al. (1980) a synergistic effect on the root-rofting of okra plants 
was observed when M. incognita and R. bataticola were combined together al an 
inoculum level of 400 larvae and 4 g mycelial mat per 100 cc soil after 48 da\s of 
sowing. Biochemical analysis of the okra roots revealed larae accumulation of 
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total phenols, proteins and proline in the infected roots with M incognita alone 
and in combination with R. bataticola over healthy roots, while total sugar 
decreased in infested roots. A pronounced increase in proline was observed in M. 
incognita and R. bataticola as compared to M incognita infected roots alone. 
Chahal and Chhabra (1984) studied that M incognita and R. solani 
separately as well as in combination significantly reduced the shoot length, shoot 
weight and root -weight as compared to uninoculated control. The synergistic 
effect of simuhaneous inoculation was apparent from the significant reduction of 
shoot weight and length and root weight in comparison to either of the pathogens 
alone. Inoculation of M incognita 3 weeks prior to R. solani significantly reduced 
the shoot weight and length in comparison to inoulation of/?, solani 3 weeks prior 
to M. incognita. It suggests a predisposition of the seedlings roots by nematode for 
subsequent damage by R. solani. The maximum number of galls and nematode 
population was observed with the inoculation of M incognita three weeks prior to 
R. solani and this may be because of longer exposure of roots to nematode 
invasion than in the treatment where R. solani was inoculated 3 weeks prior to M. 
incognita and in this case the number of galls as well as the nematode population 
was minimum. 
Nath et al. (1984) observed that root-knot nematode increased the extent of 
damage by pre and post emergence phases of damping-off caused initially b\ an\ 
of the three test fungi. Association of Fusarium + Rhizoctonia with or without 
nematode produced low percentage and long duration of damping-off. low root-
knot index and low recovery of nematode population. Nematode + Rhizoctonia. in 
addition to causing high percentage of damping-off and root-knot index, also 
affect maximum reduction in shoot length and high nematode count of the soil. 
Mechanical wounding of roots, devoid of nematode, in the presence of any of the 
damping-off flingi exhibited low percentage of damping-off minimum reduction 
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in plant height and their fresh weight in comparison to the treatments, whose 
nematode replaced mechanical wounding. 
Husain et al (1985) reported that peas were damaged by M incognita or R. 
solani but plant growth was suppressed even further when plants were inoculated 
with both organisms with the maximum effect occurring when the two were 
inoculated simultaneously. 
Siddiqui et al. (1987) reported that Meloidogyne incognita. Rotylenclmlus 
reniformis and Rhizoctonia solani significantly reduced plant growth of okra when 
inoculated separately, however the reduction was more pronounced in plants 
inoculated with the fungus along with either of the nematodes. A similar reduction 
was noted in the case of the water absorption capability of roots. Nematode 
multiplication was however, retracted by the presence of the fungus. 
Kanwar et al. (1988) observed that the plant growth was significantly 
reduced when nematode (M javanica) was inoculated 3 weeks prior to fungus (R. 
solani) which may be due to the resultant fungal disease severity. However, loamy 
sand favoured the plant growth wherein the buildup to nematode population was 
also more. 
Abu El-Amayem et al. (1985) observed that the soybean plants were 
damage by either M. incognita and R. solani but plant growth was depressed e\ en 
further when plants were inoculated with both organisms, with the maximum 
effect occurring when the two were inoculated simultaneously. 
Zaki et al. (1992) reported that the effect o^ Meloidogyne incognita race 3. 
Macrophominaphaseolina and Bradyrhizobium sp. on root-rot disease complex of 
chickpea {Cicer arietinum) were examined. M incognita and M. phaseolina 
caused statistically equal damage to plant growth when inoculated singly but two 
pathogens together caused more damage than the sum of total damage caused b) 
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both pathogens individually. Inoculation of Bradyrhizobium 10 days prior to 
pathogens resulted in reduced damage. Inoculation of pathogens prior to 
Bradyrhizobium resulted in more damage than prior or simultaneous inoculation 
of Bradyrhizobium. Both M phaseolina and Bradyrhizobium. had an ad\erse 
effect on nematode muhiplication and galling. Both pathogens also had an ad\ erse 
effect on nodulation. 
Anwar et al. (1993) observed chickpea seedlings were inoculated with M. 
javanica and R. solani alone or simultaneously or with M. javanica one week 
before or one week after R. solani inoculation. Greatest reduction in shoot and root 
length and fresh and dry weight occurred with simultaneous inoculation of both 
pathogens. This was followed by nematode inoculation one week before and one 
week after the ftingus. 
Anwar et al. (1997) studied the interaction between Meloidogyne incognita 
and Rhizoctonia solani on soybean and observed significant alterations in 
chlorophyll a and b by simultaneous, sequential and individual inoculations but 
more damage occurred with simultaneous inoculation than other treatments. 
Patel et al. (2000) observed interaction of Fusarium oxysporum f sp. ciceri 
with M incognita on chickpea cv. Dahod yellow revealed that the organisms 
either individually or in combination reduced plant height, fresh root and shoot 
weight significantly but, the reduction was more by nematode as compared to 
fungus. Among combined inoculafions, simultaneous inoculation of both the 
pathogens had maximum suppressive effect on growth of chickpea plants as 
compared to preceding or succeeding inoculations, of fungus and nematodes. Root 
galling and nematode multiplication on chickpea was maximum when nematodes 
were inoculated alone but it was reduced in the presence of fungus. The fungus 
alone was able to produce wilt disease but the incubation period for disease 
development was reduced and severity of the disease increased when root-knot 
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nematode was present with fungus. Maximum wilting of plant was observed when 
the fungus and nematodes were inoculated simultaneously. 
Bhagwati et al. (2000) reported that either M. incognita or F. oxysporum f. 
sp. lycopersici significantly reduced the plant vigor compared to uninoculated 
check. However, synergistic effect of the pathogens (N+F) or where nematode 
inoculation preceded 10 days to fungus (N<F10). The possible explanation for 
comparatively greater damage in these two treatments (F<N10) may be attributed 
to the prior invasion of nematode into the roots their by making the host more 
favorable for fungal infection by offering a metabolically rich substrate, and/or 
nematode might also modify the rhizosphere there by favoring the fungal growth. 
In N+F and N<F10, an early expression of wilt symptom by 20 days was also 
observed as against to such symptoms in F<N10 at the same time of observation. 
The intensity of wilt (wilt indices) after 40 and 60 days of inoculation was 
significantly higher in N<F10 and N+F when compared with F<N10 and 1-
treatments. The number of galls and egg masses and nematode population in soil 
was significantly reduced in N+F and N<F10. This may be due to reduced root 
system in these treatments which was unable to support large number of galls. 
consequently further reproduction of the nematode was arrested. 
Anwar et al. (2002) studies on the interaction between Meloidogyne 
incognita and Rhizoctonia solani on Soybean. In nematode inoculated prior and 
after ftingus treatment resulted in only slight to moderate inhibition of galling, 
nodulation and female development. Simultaneous inoculation of fungus with 
nematode exhibited, on linear decrease in final population of nematode in 
soybean. Subsequent soybean grain weight as well as growth parameters were 
suppressed by simultaneous, sequenfial and ftingus inoculation but more damage 
were assessed during simultaneous inoculation than other treatments. 
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Physiological studies also showed the significant alterations in chlorophyll a and 
b, protein, oil and nitrate reductase enzyme of soybean. 
Kumar et al. (2004) observed the Effect of root-knot nematode. 
Meloidogyne incognita and root-rot fungus, Rhizoctonia alone and in 
combinations on the growth of black henbane, Hyoscyamus niger were studied. 
Results indicated an inverse relationship between initial inoculum densities of M. 
incognita/R. solani and plant length, fresh and dry weights. Significant reduction 
in plant dry weight was observed at initial inoculum of 50 JT of M incognita and 
1.0 g culture of R. solani/poX. The initial inoculum densities and final nematode 
population/root-knot index showed a direct relationship. Simultaneous or 
sequential inoculation of both the pathogens reduced plant growth more than w hen 
inoculated separately. 
Dubey and Trivedi (2006) studied the interaction of Meloidogyne incognita 
with Rhizoctonia solani and Fusarium alone and in combination on Abelmoschus 
esculentus. Combined inoculations with: M.incognita+ R.solani + Fusarium were 
more damaging than inoculations with M. incognita + R. solani or M incognita i 
Fusarium. In combined inoculations the magnitude of each individual organism 
was modified. The close proximity of infection court of the nematode and fungi 
probably enhanced the possibility of exchange of toxic metabolites from one 
feeding site to the other thus interfering in the establishment of normal host 
parasite relationship. Multiplication rate of nematode was poor in the presence of 
fungi because of tissue destruction caused by fungi much before the completion of 
nematode life cycle. Thus, the concomitant effect of nematode and fungi caused 
greatest reduction in growth of okra. 
Haseeb et al. (2007) studied that the individually as well combined effect of 
Meloidogyne incognita and Fusarium oxysporum f. sp. pisi caused signiticanl 
reduction in all the growth parameters of Pisum sativum as compared to 
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uninoculated plants. Simultaneous inoculation of both the pathogens and nematode 
inoculation prior to fungus significantly reduced the plant growth. The 
reproduction of nematode and galling on roots decreased with pre-inoculation of 
fungus while the infection of fiingus increased in the presence of nematode. 
Asmaa et al. (2007) observed the effect of the root-rot fungi: Rhizoctonia 
solani, Macrophomina phaseolina and Fusarium solani on sunflower plants cv. 
Myak infected by Meloidogyne incognita. The results indicated that combined 
infection with M. incognita plus any of the tested ftingi resulted in significant 
reduction in number of root galls and nematode egg masses. Plant growth 
reduction and disease severity were greatly evident when M. incognita was 
inoculated simultaneously with R. solani. Inoculation with M.incognita alone or in 
combination with three different inoculum levels of R. solani, M. phaseolina or 
F.solani on sunflower cv. Myak was studied in three greenhouse experiments. 
Treatments with M. incognita in combination with different inoculum levels of the 
tested fungi caused significant reduction in number of root galls and nematode 
egg-masses and the dry weight of sunflower plants. Effect of inoculation time of 
M. incognita applied alone or in combination with R. solani, M. phaseolina and 
F. solani on sunflower cv. Myak was also studied. Treatments with any of the 
tested fungi either at the same time or one week before M. incognita inoculation 
resulted in significant reducfion in number of root galls and nematode egg-masses. 
Treatments with M. incognita alone or in combination with an\ of the examined 
fungi caused significant reduction in the dry weight of sunflower plants. 
Samuthiravalli and Sivakumar (2008) reported that the interaction between 
root knot nematode Meloidogyne incognita and the fungus Fusarium oxysporum 
f sp. lycopersici was studied on tomato cv. COS under glass house conditions. The 
effect of the nematode in combination with the fungus enhanced the suppression 
of plant growth than that of the fungus alone. Inoculation of the nematode and 
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fungus exhibited a synergistic effect on growth retardation of plants. Maximum 
reduction in plant height (33.08 cm) was observed when nematode and fungus 
were inoculated simultaneously. 
Senthamarai et al (2008) a glasshouse experiment was carried out to stud> 
the interaction of Meloidogyne incognita and Macrophomina pliaseolimi on 
medicinal coleus, Coleus forskohlii. The nematode multiplication was advcrseh 
affected when fungus was inoculated prior to nematode. Simultaneous inoculation 
of nematode and fungus as well as nematode followed by fungus 15 days later 
caused 100 per cent root rot disease. The minimum reduction in plant growth was 
observed in the treatments which received fungus alone or fungus inoculation 
prior to nematode. 
2.3 Review related to management 
Management of root-knot nematodes and root-rot fungus with chemicals 
under field condition is cost prohibitive, hazardous and cause serious 
environmental pollution. Efforts are being made to shift from the conventional 
use of chemical to the use of eco-friendly botanicals for the management ol' plant 
parasitic nematodes and fungi. Organic amendments are not only safe to use but 
also have the capacity to improve soil structure and fertilty. These control 
strategies are now directed towards the use of natural products. Bioacti\e 
products of plants being less persistent in environment are safe for mammals and 
other non target organisms. Botanicals used as pesticides are readily available in 
many places, cheaper than their synthetic counter parts. 
2.3.1. Management of Root-knot nematode through organic amendments: 
Root knot nematode, Meloidogyne species, is one of the most important 
pests which produce considerable losses to crop plants in different parts ol" the 
world (Taylor e/. al. 1982). 
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The organic matter is an important component of soil and the value of 
decomposition of organic amendment is an important factor in reduction of 
nematode damage which was first demonstrated by Linford et al. (1938). who 
observed the reduction in root-knot incidence caused bu Meloidogyne spp. on 
cowpea (Vigna unguiculata L.), when soil was amended with chopped lea\es of 
pineapple {Ananas comosus L.), since, then a large number of reports have been 
published showing that the incorporation of a variety of organic amendments to 
the nematode infested soil resulted in a definite reduction of several plant-parasitic 
nematodes and therefore, improved the crop yield. 
Green manuring is an essential and age old practice of Indian farmers as 
well as the farmers throughout the world, where in the green plants/plant parts are 
ploughed deep into the soil to root and provide nutrient for succeeding crops. 
Sudan grass has been reported to suppress infection and damage caused b\ 
Meloidogyne hapla when incorporated as a green manure (Widmer and Abavvi. 
2000). This addition of green manures stimulates soil microbial activities and 
increases accumulation of plant decomposition product and microbial metabolites 
that can be harmfiil to nematodes. 
Chopped leaves of many plants successfully suppressed the population of 
plant parasitic nematodes and improved plant growth. Infection of Meloidogyne 
incognita and Rotylenchulus reniformis on tomato was reduced by incorporating 
chopped plant parts of water hyacinth (Eichornia crassipes), a noxious weed 
(Siddiqui & Alam , 1989a). Leaf extract of other plants such as Ricinus communis. 
Leucaena leucocephala, Populus deltoides, Lantana camara, Eucalyptus 
tereticomis (Chhabra et al, 1988), Azolla pinnata (Thakar et al, 1988). Tridax 
procumbens (Mani & Chitra, 1989), Cineraria maritima, Ruta grveolens, Tagetes 
erecta (Sasanelli & D-Addabbo, 1992), Mentha piperta and Parthenium sp. 
(Ganai et al., 1992), Ipomoea carnea (Patel et al, 1993). Mentha spicata, Thymus 
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vulgaris, Origanum majorana, Mentha longifolia (Abd- Elgawad & Omer. 1995). 
were effective against plant parasitic nematodes. 
Latex bearing plants have also shown great potential in the management of 
phytonematodes (Siddiqui et al., 1984; Siddiqui & Alam, 1988a). Incorporation of 
chopped parts of latex bearing plants can bring a substantial reduction in the 
population of plant parasitic nematodes. 
Haseeb et al. (1978a) used chopped leaves of Indian rubber tree (Ficus 
elastica), Madar (Calotropis procera) and Opuntia dillenii as soil amendment and 
found significant control of Hoplolamius indicus, Tylenchorhynchus brassicae and 
some other tylenchids infesting eggplant. Siddiqui et al., (1987) also reported good 
control of M.inconita and the nematode Rotylenchulus reniformis on tomato and 
eggplant, and T. brass icae on cabbage and cauliflower where chopped shoot parts 
of several latex bering plants were used. 
Goswami and Vijayalakshmi (1986) applied dried materials of Argeinone 
mexicana, Eucalyptus globorus, Datura metel, Phyllanthus niruri and oil cakes of 
Callophyllum inophyllum, Madhuca indica, and Shorea robusta (a), 1.2 and 3% 
w/w against M incognita infecting tomato and observed significant reduction in 
root-knot galls. 
Alam (1987) reported that chopped plant leaves, when incorporated into the 
naturally infested soil, effectively suppressed populations of plant parasitic 
nematodes and improved growth of tomato cv. Marglobe, barring a few exceptions 
where phytotoxicity was noted. This type of management to phytonematodes w as 
considered economical, easy and pollution free. 
Akhtar and Alam (1990) conducted an experiment on tomato. The plants 
were inoculated with 5000 freshly hatched j , of Meloidogyne incognita and 
amended chopped leaves in the soil. Three months later, suppressed root galling 
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by the nematode and enhanced plant growth were observed in all amendment 
treatments. Calotropis procera was the most effective followed by Azadirechta 
indica. Ricinus communis, Melia azadarach, and Lantana indica. Eucalyptus 
citriodora and Thuja orientalis gave poorer results while clerodendrum inenne 
was the least effective. 
Akhtar et al. (1992) observed that the bare root dip treatments with leai" 
extracts of Persian lilac {Melia azadirach) or Calotropis procera signitlcanlly 
reduced root-knot development caused by Meloidogyne incognita on tomato and 
Capsicum anuum, C. procera being the most effective. Nematode control and 
plant growth increased with extract concentration and dip duration. 
Akhtar and Mahmood (1994) examined that bare root dip treatment of chili 
{Capsicum annum) seedling with extracts of decomposed and un-decomposed oil 
cakes and leaves of neem and castor {Ricinus communis) provided protection 
against root-knot disease caused by M. incognita. A curative effect were also 
noted when roots of pre-infected seedlings were given a similar treatment. 
Suppression of root-development was greater in pre-infected (therapeutic use) 
seedlings than in those inoculated after dip treatment (prophylactic use). l:xtracts 
of decomposed materials were effective than those of un-decomposed ones. 
Moreover, oil cakes and neem were more effective than leaves and castor. 
Addabbo (1995) Reviewed literature on organic amendments from 1982-
1994. A total number of 221 papers was found, confirming the interest of research 
in this nematode control method. Most of work was still concentrated in 
developing countries. Organic materials, crops and nematode species involved in 
trials were examined. Oil cakes were the most frequently used and efficaceous 
amendments, but also green manures and agro-industrial wastes were largely 
experimented. An increasing attention was dedicated to the mechanisms of the 
nematicidal action of these materials. 
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Abadir et al. (1996) recorded that addition of dried chopped portions of 
Egyptian clover {Trifolium alexandrinum), rice {oryza sativa), marigold {Tagetes 
erecta), thevita (Thevetia nerifolia) and wheat {Triticum aestivum) @ 0.5. 1.0 and 
1.5% w/w reduced the number of eggmasses and galls of Meloidogyne incognita 
on roots of sunflower. Tagetes erecta and T. nerifolia were most effecti\e 
amendments. Better plant growth was observed where either T. nerifolia or T. 
alexandrinum was used. Use of O. sativa or T. aestivum at higher doses was 
phytotoxic. 
Rao et al. (1997) recorded that neem cake (Azadirachta indica) and a 
biocontrol fungus, T. harzianum were evaluated either singly or combination for 
the management of M incognita on tomato. Significant increase in plant growth 
and reduction in root galling and final population of M incognita were observed in 
tomato seedlings transplanted neem cake amended soil incorporated with T. 
harzianum. Increase in combination of T. harzianum on roots of tomato was also 
observed in the above treatments which indicated favorable effects of neem cake 
amendment on the growth of T. harzianum. 
Amin and Youssef (1999) tested five different dry and five green plant 
leaves against Meloidogyne javanica and Rotylenchulus reniformis, as bio-agents 
in controlling these nematodes infecting sunflower. Data generally, indicated that 
all the tested manures significanfly (P < 0.05) reduced the total number of 
nematodes in root and soil. The best materials were datura dry leaves on M. 
javanica and lime dry leaves on R. reniformis which gave very good results 
against nematodes (86.4 and 95.1% female reducfion, respectively). 
Akhtar (1999) reported the potential nematicidal value of plant parts and 
their by-products when incorporated into soil or when the plants themselves are 
interplanted as seedlings among crop plants. Various products (oils, cakes. 
extracts, etc.) prepared from the leaves and seeds of the neem plant {Azadirachta 
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indica A. Juss)(Family Meliaceae) have been reported as effective protectants 
against nematode pests when used as root-dips and seed treatments. Nemato-toxic 
compounds of the neem plant, especially the azadirachtins. are released through 
volatilization, exudation, leaching and decomposition. The modes of action of 
these compounds are complex, and a number of mechanisms in relation to 
nematode management are yet to be fully explored. This review critically assesses 
the potential of these products in the management of nematodes in tropical 
agriculture. 
Umamaheswari and Babu (2003) conducted experiments to stud> the 
efficacy of Calotropis procera leaf powder (1, 2, 5 and 10%) against root-knot 
{Meloidogyne incognita) and reniform {Rotylenchulus reniformis) nematodes 
infesting cowpea cv. CO-4. The highest yield and lowest nematode population was 
obtained with 10% leaf powder in both experiments. 
Tiyagi et al. (2003) studied the effect of leaf extract of three noxious weeds 
such as Solanum xanthocarpum and Argemone mexicana {A. mexicana) were used 
as bare root dip treatment for the management of three important plantparasitic 
nematodes, Meloidogyne incognita, Rotylenchulus reniformis and 
Tylenchorhynchus brassicae infesting tomato (lycopersicon) plants. Significant 
reduction was observed in the root-knot development caused by M incognita. 
multiplication of nematode populations of R. reniformis and T. brassicae on both 
the test plants. Larval penetration of second stage juveniles of M. incognita was 
also inhibited at various concentrations of leaf extracts and dip durations. Leaf 
extract of S. xanthocarpum caused relatively more inhibition in root-knot 
development in case of root-knot nematode, nematode multiplication of reniform 
and stunt nematodes than that of A. mexicana. Because of dip treatment in leal" 
extracts of Argemone mexicana and Solanum xanthocarpum, the plants show 
better growth and at the same time the populations of nematodes such as M. 
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incognita, R. reniformis and T. brassicae significantly decreased, which naturally 
improved plant growth. The efficacy of root-dip treatment with respect to 
improvement in plant weight and reduction in root-knot development and 
nematode populations, increased with increasing the concentration of leaf extracts 
and dip durations. 
Tsay et al. (2004) studied the 56 species and 43 genera of Asteraceae 
tested, 9 were highly resistant or immune to Meloidogyne incognita and did not 
form root galls. Twenty-six species and six cultivars had 25% or fewer roots 
galled and were considered moderately resistant to M incognita. Pre-planting 
Cosmos bipinnatus (F190), Gaillardia pulchella, Tagetes erecta, Tithonia 
diversifolia, or Zinnia elegans (F645) reduced root galling and M incognita ]j in 
and around Ipomoea reptans. Amendment of soils with roots, stems, or leaves of 
G. pulchella was effective in controlling M incognita on /. reptans. fissue 
extracts of G. pulchella were lethal to various plant-parasitic nematodes but were 
innocuous to free-living nematodes. Root exudates of G. pulchella were lethal to 
J2 of M incognita and were inhibitory to the hatch of eggs at the concentration of 
250 ppm or higher. Gaillardia pulchella could be used to manage M incognita as 
a rotation crop, a co-planted crop, or a soil amendment for control of root-knot 
nematode. 
Shaukat et al. (2004) reported that Argemone mexicana L. (Papaveraceae). 
a tropical annual weed, is phytotoxic to many crop species. This stud\ was 
designed to examine the allelochemical and nematicidal potential of A. 
mexicana and to better understand the role of this weed in the ecosystem. A 
methanol - soluble extract of the leaf material caused greater juvenile mortalitv of 
Meloidogyne javanica than did ethyl acetate or hexane extracts indicating the 
polar nature of the toxins. Decomposing tissues of A. mexicana in soil at 
50 g kg'' were highly deleterious causing 80% mortality of tomato plants. At 
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10 g kg^' plant growth was enhanced, while at 30 g kg 'plant growth was 
substantially retarded. M javanica population densities in the rhizosphere and in 
roots, and gall formation were significantly suppressed when 10. 30 or 50 g kg 
A. mexicana was allowed to decompose in the soil. To establish whether 
decomposition was necessary to produce phytotoxic symptoms, or whether the 
shoot extract alone could interfere with plant growth, an aqueous shoot extract w as 
applied to soil. Whereas a 50% extract promoted plant growth, a 100% (100 g'50() 
mL distilled water) concentration significantly reduced plant height, and fresh 
weights of shoot and root. In general, decomposing plant material caused greater 
phytotoxicity compared to the aqueous extract. Addition of N as NH4NO-, partial!) 
alleviated the phytotoxic action of ^. mexicana,dinA also reduced severity o\^ root-
knot disease. Adding Pseudomonas aeruginosa to soil amended with .4. 
mex/c(3/7a resulted in decreased density ofM javanicain the rhizosphere and in 
tomato roots, suppressed galling rates and enhanced plant growth. 
Ahmad and Khan (2004) studied the efficacy of Paecilomyces lilacinus in 
management of root-knot nematode (Meloidogyne incognita) in soil amended with 
various organic matters. The soil amendments with organic additives except gram 
and rice husks significantly reduced the multiplication of M incognita and the root 
galling caused by root-knot nematode which consequently increased the plant 
growth. The greatest improvement in plant growth and reduced reproduction 
factor and root galling was recorded in soil amendment with leaves of Calotropis 
procera while the least was in kail saw dust. The best protection against M 
incognita was observed on the integration of organic additives with P. lilacinus, 
which resulted increased plant growth and reduced population build-up of 
nematodes and root gallings. The leaves of C procera with P. lilacinus were most 
effective than all other organic materials used among the different integrated 
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approaches. The organic amendments also increased the parasitism of P. lilacimts 
on M incognita. 
Saravanapriya and Sivicumar (2005) a field experiment was conducted to 
investigate Meloidogyne incognita control on tomato (cv. Ramya) using botanicals 
pesticides, inducing extracts dry powder from leaves of Calotropis gigantea. 
Tagetes erecta and Azadirechta indica, and seeds of Citrullus lanatus and Arecha 
catechu dry powders of the botanicals were used in tomato seed treatments. While 
water extracts were used as root dips. Seed germination and seedling 
establishment increased compared to the control. Seed treatment with the dr\ 
powder of Calotropis gigantean, resulted in the highest seed germination (98%) 
and the highest percentage of seedling establishment. Root dip treatment with leaf 
extracts of Calotropis gigantea resulted in the significant reduction of soil 
nematode population at 45 days after transplanting and at harvest (87.3 and 90%. 
respectively) and the lowest gall index, and increased fruit yield by 23.9%. 
Riga et al. (2005) reported that the extracts from seed exudates of Tagetes 
erecta cv. Crackerjack and T. patula var. polynema caused significantly higher 
mortality (P < 0.05) to Heterodera schachtii, Meloidogyne hapla and Pratylenclms 
penetrans than the control extracts from radish, tomato and corn seeds. 
respectively. Marigold seed exudates consist of nematicidal compounds. 
Nematostatic compounds have not been found in the seed exudates, fwo high-
performance liquid chromatography fractions derived from T. erecta c\. 
crackerjack and one from T. patula var. polynema caused the highest mortalit} o\' 
H. schachtii in comparison with a water control and the rest of the fractions. 
Rizvi and Shamed (2006) reported that twenty two species of seaweeds 
viz.. Asparagopsis taxiformis, Botryocladia leptopoda, Caulerpa racemosa. 
Caulerpa scalpelliformis, Caulerpa taxifolia, Codium iyengarii. Cystocloniiim 
purpureum, Cystoseira indica, Dermonema abbottiae, Dictyota dichotoma var. 
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intricata, Gelidium usmanghanii, Gracilaria foliifera, Gracilaria gracilis. 
lyengaria stellata, Jolyna laminariodes, Melanothamnus afaqhusainii. Padimi 
antillarum, Sargassum tenerrimum, Spatoglossum variabile, Stoechospennum 
polypodioidis were collected from the coastal areas (Manora. Buleji. Paradise 
Point) of Karachi, Pakistan. Methanol extracts of the seaweeds were tested for 
nematicidal activity against the larvae of Meloidogyne javanica root knot 
nematode. Stoechospermumpolypodioides appeared to be the most active seaweed 
as it caused 80 % mortality of the nematode larvae after 72 h exposure lo its 
extract. Jolyna laminarioides was found to be least active in its nematicidal 
activity since it caused only 21 % mortality after the exposure of 48 as well as 72 
h of its extract. Three species of Caulerpa and 2 of Gracilaria presented specific 
differences regarding their nematicidal activities. 
Olabiyi (2006) observed that tomato seedlings, cv. DT 69/257/grown in 
steam-sterilized soil were inoculated with graded inocula of 5.000. 10,000. 15.000. 
20,000 and 25,000 eggs of root-knot ntrndiXodtMeloidogyne incognita. At inocula 
levels of 15,000, 20,000 and 25,000 eggs of M incognita, number of leaves per 
plant, plant height, fruit yield and root-galls were significantly reduced. In the 
field planted with tomato seedlings, aqueous extracts from the roots of 
marigold, {Tagetes erecta) nitta (Hyptis suaveolens) and basil (Ocimum 
gratissimum) plants were applied to root-knot nematode infected soil at four 
concentrations viz. 25,000; 500,000; 750,000 and 1,000,000 parts per million 
(ppm.) per tomato plant. All the aqueous plant root extracts reduced the root-knol 
nematode populations in the soil with corresponding increases in plant height, 
plant leaf and fruit yield over the untreated control treatment. 
Wang et al. (2007) observed that marigold can be used as a substitute for 
synthetic nematicides. In some instances, marigold can reduce nematode 
populations at greater soil depths than soil fumigation. In addition, marigold is 
34 
Review of Literature 
more environmentally friendly than chemical nematicides because it does not 
repress other soil microorganisms. However, to successfully incorporate marigold 
into an integrated nematode management program it is important to select a 
marigold variety that is effective against the locally occurring nematode 
populations. 
Bharadwaj and Sharma (2007) conducted an experiment to evaluate 
potential of aqueous extracts from Azadirachta indica, Carica papaya, Ocimwn 
sanctum, Ricinus communis and Tagetes patula, in controlling the hatch of eggs of 
the root-knot nematode, Meloidogyne incognita. Five concentrations of water 
soluble extracts from the five plant species were filtered, added to petri dishes and 
infested with eggs of M. incognita. The best results were obtained with O. 
sanctum, with no hatching within 48 h vs. 34.8% in the control. 
Olabiyi et al. (2008) conducted laboratory experiments to know the effect 
of leaf extract of Sida acuta Burm F., Euphorbia hirta Linn Andropogon gayanus 
Kunth, Phyllanthus amarus Schum and Thomm and Cassia obtusifolia L. weeds 
on root-knot nematode, Meloidogyne incognita and also on the chemical 
compounds in the leaf extract. 100 juveniles per petri-dish containing graded weed 
extract and juveniles in the petri-dish filled with distilled water served as control. 
In 15 and 20% (w/v) concentrations of Euphorbia hirta, Phyllanthus amarus and 
Cassia obtusifolia and 20% (w/v) concentration of Sida acuta and Andropogon 
gayanus. there was 100% M. incognita ]\xyQn\\QS mortality by the 7''^  day. Ihe 
result of phyto-chemical analysis revealed that Euphorbia hirta contained tannins, 
saponins, flavonoids and alkaloids; Andropogon gayanus contained saponins. 
flavonoids and alkaloids, Cassia obtusifolia contained tannins, flavonoids and 
alkaloids; Phyllanthus amarus contained tannins, saponins, flavonoids and 
alkaloids while Sida acuta contained tannins, saponins, flavonoids and sterols 
chemical compounds. 
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Ibrahim and Traboulsi (2009) studied the impact of different freshly/dried 
chopped medicinal or aromatic plant materials as an organic amendment in pot 
cultures, as well as integrated with solarisation under greenhouse conditions on the 
root knot nematodes population was evaluated. Resuhs indicated that application 
of solarisation alone gave good control (72%) but when integrated with different 
plant materials, the control level increased to 95% with Allium sativum and 90% 
with Mentha microphylla and slightly less with other plant materials which ranged 
from 75 to 80%). The results of pot experiments revealed that the most significant 
effect on the number of nematodes was achieved with Tagetes patula followed b\ 
Pimpinella anisum, Melia azadirach and Origanium syriacum reaching 0.0. 1.2. 
1.2 and 2.5/g of roots, respectively. Total control was obtained with Allium 
sativum. Origanium syriacum contained the highest amount of essential oil (6%). 
Results obtained indicated that integrated approach using solarisaion combined 
with plant materials could be the best aUemative control for the root-knot 
nematodes. 
2.3.2 Management of Root-rot fungus through organic amendments: 
Singh et al. (1981) reported that root rot of gram caused by Rhizocionia 
bataticola was significantly controlled by the amendment of soil with wheat straw, 
maize straw and sorghum straws. Amendment of soil with sarson straw was 
almost ineffective. Organic amendments with urd, mung and Trifolium straws 
increased the disease. It appears that perhaps a comparatively high C/N ratio of the 
organic amendment controls the root rot disease of gram. Evidence is also 
presented which suggests that certain organic amendments increase growth of 
gram. 
Kundu and Nandi (1985) reported that cauliflower damping-off caused b> 
Rhizoctonia solaniMios found to be appreciably reduced when population of the 
pathogen and other microflora in soil was manipulated by using powders of 
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commercial cellulose, rice stubbles or water hyacinth biomass in combination with 
NH4NO3 as soil amendments. Cellulose powder was most effective in reducing the 
disease incidence. Some of the amendments also promoted seedling growth. Total 
microbial population as well as those showing antagonism to the pathogen in 
culture increased relatively more in amended soil than in nonamended control. In 
general, when C N ratio in soil increased, fungal population decreased but 
actinomycetes and bacterial population increased. 
Osunlaja (1990) reported that five organic materials. (V//o/?ogo/7////;; sp.. 
rice straw, wood sawdust, fresh guinea grass and poultry manure, were added to 
soil in a field with a recent history of high stalk rol in maize caused 
by Macrophomina phaseolina and Fusarium moniliforme. 1 he two stalk rot 
organisms reacted differently to the organic amendments. All the amendments 
significantly reduced the incidence o^Fusarium stalk rot disease. Amendment of 
soil with fresh Calopogonium leaves had almost no effect in controlling the 
incidence of Macrophomina phaseolina. Organic amendment with poultr> manure 
stimulated the disease. The other amendments appeared to be equally effective in 
checking the disease. Suppression of the disease appeared to be related in 
increased microbial activities. 
Baby and Manibhushanrao (1996) studied the effect of various organic soil 
amendments on arbuscular myorrhizal (AM) fungal activity on rice plants was 
tested under greenhouse and field condifions with reference to sheath blight (ShB) 
disease caused by Rhizoctonia solani. AM spore density, per cent infection, and 
intensity of infecfion were increased by organic amendments, whilst ShB disease 
was decreased. Certain amendments, especially green leaf manure, stimulated 
arbuscule development in rice plants. Mycorrhiza formation and sporulation were 
higher with healthy rice plants than with rice plants infected with R. solani. Our 
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results indicate the possibility of using selective organic amendments to enhance 
development of native AM flingi and thus reduce disease incidence. 
Alam et al. (2002) reported that the extract of different parts of Viuca rosea 
and Azadirachta indica and smoke of rice straw, wheat straw, tobacco leal" and 
"dhup' (incense) showed good result for the inhibition of spore/conidial 
germination of four fungi viz., Bipolaris sorokiniana, Fusariwn oxysporum /. sp. 
vasinfectum, Rhizopus artocarpi and Botryodiplodia. Vinca rosea root extract 
inhibited 100% spore germination of Bipolaris sorokiniana and Rhizopus artocarpi 
when it was immersed from 5-30 minutes at 5:1.25 (w/v) concentration. A. indica 
(leaf, root and seed) extracts showed good (100%) inhibition results on B. 
sorokiniana, and R. artocarpi. Smoke of rice straw, wheat straw, tobacco leaf and 
"dhup" had a great antifiingal effect against these fungi. 
Bailey and Lazarovits (2003) reported that the application of organic 
amendments, manures and composts that are rich in nitrogen, may reduce soil-
borne diseases by releasing allelochemicals generated during product storage or by 
subsequent microbial decomposition. The modes of action for disease suppression 
are elucidated for a number of diseases including verticillium wilt and common 
scab of potato. Developing disease suppressive soils by introducing organic 
amendments and crop residue management takes time, but the benefits accumulate 
across successive years improving soil health and structure. 
Sultana et al. (2005) studied the effect of soil amendment by brown, 
green and red seaweeds was studied in controlling the root rot infecting fungi of 
okra seedlings in the greenhouse. The soil amendment with seaweeds Stokeyia 
indica, Padina pavonia (brown), Solieria robusta (red), at 1% wM reduced 
Macrophomina phaseolina, Rhizoctonia solani and Fusarium solani infection on 
okra roots. Codium iyengarii (green) at 0.5 % w/w was effective against F. solani. 
while at 1% w/w was found phytotoxic. S.robusta showed better control of F. 
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solani infection when used with Pseudomonas aeruginosa than either used alone. 
S. robusta produced better plant height and fresh weight of shoot than P. 
aeruginosa. Results of the present study suggest that the use of brown seaw ceds S. 
indica and P. pavonia alone and S. robusta alone or in combination with P. 
aeruginosa have great potential to control root-infecting fungi of okra with 
enhancement of plant growth. These seaweeds alone or in combination w ith P. 
aeruginosa may be utilized as biological control of root infecting fungi of okra. 
Mukhtar (2005) studied the antiftingal effect of aqueous extracts of four 
plant species viz; Azadirachta indica A. Juss., Datura mete! 1.. \ar. 
quinquecuspida Torr., Ocimum sanctum L. and Parthenium hysterophorus L. was 
determined in vitro. It was found that all the plant extracts at 40% concentration 
were effective in reducing the mycelial growth of F. oxysporum f sp. cicerl. 
Among these plants extracts, A. indica and D. metel inhibited fungal growth by 
80%. Even at 10% concentration, both plants extracts had inhibitory effect, while 
Ocimum sanctum extracts showed low inhibition (60%) as compare to other plant 
extracts. Chemical treatment with Benomyl (50WP) and Carbendazim (50WP) 
was proved to be the most effective against F. oxysporium f sp. ciceri. Results 
indicated, plant extracts had equal potential as fungicides for the reduction of 
pathogen growth. 
Tariq et al. (2006) observed that the use of leaves, stem and pneumatophore 
of Avicennia marina in the control the root infecting fungi viz. Fusarium spp.. 
Macrophomina phaseolina and Rhizoctonia solani on mash bean and okra plants. 
Germination of seeds, shoot length, root length, shoot weight and root weight were 
significantly increased in both okra and mash bean where A. marina plant pails 
viz., stem and pneumatophore powder was used @ 5% w/w. Infection of Fusarium 
spp.. R. solani and M phaseolina was significantly reduced in okra and mash bean 
plants where soil was amended with A. marina plant parts powder @ 5% vv/w. A. 
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marina leaves powder was more effective in control of root infecting fungi 
followed by stem and pneumatophore. 
Dawar et al. (2007) use of aqueous extract of leaves, stem, bark and fruit 
Eucalyptus sp., in the control of root rot fungi viz. Fusarium sp., Rhizoctonia 
solani and Macrophomina phaseolina by paper disc and well methods were 
examined. R. solani was less susceptible than Fusarium sp. and M phaseolina. 
Aqueous extract of leaves, stem, bark and fruit of Eucalyptus sp. was more 
effective @ 5% w/v against M phaseolina, R. solani and Fusarium sp. Soil 
amendment with leaves, stem, bark and fruit oiEucalyptus sp.. fd^ 5% w/w showed 
significant increase in germination, shoot length, shoot weight, root length and 
root weight of chick-pea and mung bean plants. Besides this, the infection b\ 
Fusarium sp. M phaseolina, R. solani was also reduced. All parts of Eucalyptus 
sp. were equally effective in the control of root infecting fungi. 
Ha and Hung (2007) conducted greenhouse experiments to evaluate 10 
organic materials for control of asparagus bean wilt caused by Fusarium 
oxysporum f sp. tracheiphilum. Results showed that amendment of shrimp and 
crab shell powder (SCSP) at 1% (w/w) in the pathogen-infested soil was the most 
effective in reducing population density of F. oxysporum f sp. tracheiphilum. 
Treatment of pathogen-infested soil with SCSP at 1% (w/w) and 0.5% (w'w) 
reduced disease severity by 56% and 33%, respectively. These treatments also 
promoted seedling growth and formation of nodules of asparagus bean. Anal\sis 
of hydrolysis of fluorescein diacetate (FDA) showed that amendment of soil with 
SCSP at 1% (w/w) resulted in a significant increase of soil microbial acti\il}. 
Among the seven strains of Pseudomonas spp. and 10 strains of Bacillus spp. 
tested in the pathogen-infested soil. Bacillus spp. strains PMB-028 and PMB-034 
were the most effective strains caused in reducing disease severity by 36% and 
47%. respectively. Meanwhile, treatment of PMB- 028 and PMB-034 also 
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increased root fresh weight of asparagus bean by 20% and 46% and increased 
formation of root nodules by 30% and 31%, respectively. In advance studies, it 
revealed that combined treatment of SCSP at 0.5% (w/w) and Bacillus spp. strains 
PMB- 028 and PMB-034 was more effective than the treatment of SCSP or 
bacterial strain alone in reducing disease severity of Fusarium wilt and improving 
growth and nodule formation of asparagus bean. Further investigation are 
warranted on formulation and practical application of combine use of shrimp and 
crab shell powder and strains PMB-034 and PMB-028 of Bacillus spp. for control 
of Fusarium wilt of asparagus bean. 
Tariq et al. (2008) studied the efficacy of different fertilizers alone or in 
combination with Avicennia marina plant parts viz.. leaves, stem and 
pneumatophore powder in the control of root rot diseases of okra and mung bean 
was examined. Maximum shoot length and shoot weight were observed on okra 
when frutan and urea were used @ 0.1% w/w in combination with pneumatophore 
and leaves powder whereas urea used @ 0.1% w/w in combination with leaves on 
mung bean plants. Urea and frutan used @ 0.1% w/w in combination with stem 
and pneumatophore powder showed maximum root length and weight on okra and 
mung bean plants. Significant suppression of Rhizoctonia solani was observed 
when DAP was used @ 0.1% w/w with stem and frutan (aj, 0.1% w/w with 
pneumatophore powder on mung bean plants whereas all fertilizers with all parts 
of A. marina showed complete suppression of R. solani on okra. Ihere was 
complete suppression of Macrophomina phaseolina when urea and DAP were 
used @ 0.01 and 0.1%) w/w with A. marina leaves powder on okra. All fertilizers 
and all parts of A. marina showed significant suppression of root infecting fungi 
on mung bean and okra. 
Emmanual et al. (2010) conducted an experiment in which leaves and stem 
extract and powder of Sida pakistanica S. Abedin and Senna holoseric •ea Iresen 
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were used as seed treatment, soil drenching and soil amendment for the control ol" 
root rot diseases of okra and mash bean. Results showed that plant growth 
parameter enhanced and reduced the infection of Fusarium spp.. Rhizoctonia 
solani, Macrophomina phaseolina on mash bean and okra. Seed treatment w ith 
leaves and stem extract of 5. pakistanica and S. holosericea used @ 25. 50 and 
100 % w/v showed control of root rot fungi on mash bean and okra. and 
significantly increased the plant growth parameter in terms of shoot weight and 
root weight. Soil drenching with S. holosericea leaf and stem extracts were more 
effective in the control of Fusarium spp., R. solani and M phaseolina on mash 
bean and okra plant followed by the soil and seed treatment with S. pakistanica 
leaf and stem extracts. Fusarium spp., was controlled by stem extract of S. 
holosericea @ 50 and 100% w/v. Soil amendment with leaves and stem powder of 
S. pakistanica and S. holosericea used @ 0.1 and 1% w/w showed reduction in 
infection of R. solani and M phaseolina on okra and mash bean and significantly 
enhanced plant weight of mash bean. S. pakistanica stem powder and 5. 
holosericea leaf powder @ 0.1% w/w were more effective on growth of okra and 
mash bean whereas S. pakistanica leaf powder @ 0.1 and 1% w/w were more 
effective in the control of root rot fungi on mash bean and okra. 
2.3.3 Management of disease complex (Nematode-fungus) througli organic 
amendments: 
Use of plant residues and organic amendment has been recognized as an 
effective way of achieving substantial population reduction of plant-pathogenic 
life forms like fungi, bacteria, nematodes etc. (Patrick and Toussoun, 1965). Plant 
residues or organic amendments have been reported to check the population of the 
pathogens through a variety of mechanisms (Patrick and Toussoun, 1965: Sa\re et 
al., 1964; Cook, 1977; Sitaramaiah, 1990). 
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Sharma and Trivedi (2002) studied the effect of fresh leaf extracts of 
Datura stramonium, Calotropis procera, Verbesena enceloides, Parthenium 
hysterophorus, Morus alba, Phyllanthus amarus, Eichhornea crassipes, Ricmus 
communis, Jatropha curcas, Azadirachta indica, Tinospora cordifolia, 
Clerodendron multiflorum, Catharanthus roseus and Adhatoda vesica against 
root-knot nematode, Meloidogyne incognita and wilt fungus, Fiisarium oxysponim 
f sp. cumini infesting cumin. In the preliminary studies, almost all the plant species 
exhibited nematicidal and antifungal property. Calotropis procera and Ricinus 
communis gave best results against the nematode and Datura stramonium and 
Calotropis procera showed maximum antifungal activity against Fusarium 
oxysporum f sp. cumini. 
Ehteshamul-haque, et al, (1996) observed that the use of Verticil Hum 
chlamydosporium, Paecilomyces lilacinus, Rhizobium meliloti or soil amendment 
with Stoechospermum marginatum seaweed controlled the infection of 
Meloidogyne Javanica root knot nematode and Macrophomina phaseolina. 
Rhizoctonia solani and Fusarium solani infection of okra. Neem cake and datura 
powder were also effective against M. javanica and M.phaseolina infection. The 
combined use of V. chlamydosporium and neem cake completely controlled the M. 
javanica infection. The greatest height and fresh weight of shoot were produced 
when R. meliloti was used with seaweed followed by V. chlamydosporium used 
with neem cake. 
Tariq et al. (2008) studied the effect of leaves, stem and pneumatophorc of 
Avicennia marina and leaves and stem of Rhizophora mucronata as the organic 
amendments at 0.1, 1 and 5% concentrations in the control of root rot fungi like 
{Fusarium spp., Rhizoctonia solani and Macrophomina phasoelina) and root knot 
nematode Meloidogyne Javanica on potato. In pot experiments, germination oi' 
seeds, shoot length, shoot weight, root length, root weight and number of knots 
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were significantly increased when plant parts like leaves, stem and pneumatophore 
o^A. marina and R. mucronata were used at 1 and 5% concentrations. There was a 
complete suppression in infection of R. solani and M phaseolina when A. marina 
and R. mucronata were used at 5% concentration on potato. Maximum inhibition 
of knots of M javanica was observed when powder made from mangrove plant 
parts was used at 1 and 5% concentrations. Powder from all plant parts, like 
leaves, stem and pneumatophore, was effective in suppression of root infecting 
fungi and root knot nematode. 
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CHAPTER-3 
MATERIALS AND METHODS 
A pot experiment was conducted under natural conditions of net-house in 
the department of botany. The aim of this experiment was to stud> the 
pathogenicity, interaction of most widely occurring pathogens i.e. root-knot 
nematode (Meloidogyne incognita) and root- rot fungus (Rhizoctonia solani) on an 
important vegetable host plant, okra (Abelmoschus esculentusj. The effect of 
organic amendments on the growth of okra plant was studied for the management 
of disease complex. 
3.1 Preparation and sterilization of soil mixture 
Sandy loam soil collected from A. M. U Campus was sieved through 16 
mesh sieve and mixed with sieved sand and organic manure in the ratio of 3; 1:1. 
respectively. Throughout the course of studies. 6 inch earthen pots were filled with 
the soil mixture at the rate of 3 kg/pot. A little amount of water was poured to Just 
wet the soil before transferring it to an autoclave for sterilization at 20 lb 
pressure/inch" for 20 minutes. Sterilized soil was allowed to cool down at room 
temperature before use for experiment. 
3.2 Raising and maintenance of test plant 
Seeds of okra were surface sterilized with 0.1% mercuric chloride (HgCb) for 2 
minutes and subsequently rinsed with sterilized distilled water/ and then sown in 
12 inch earthen pots containing autoclaved soil. Two week old seedlings were 
used for inoculation. Uninoculated plants served as control. The pots were 
arranged in a factorial block design and each treatment was replicated 3 limes. 
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Plants were watered as and when required and the experiment was terminated 60 
days after inoculation. 
3.3 Raising and preparation of nematode inoculums 
The pure culture of Meloidogyne incognita was raised on brinjal plants. 
using a single eggmass collected from infected plant of okra. The eggmass was 
surface sterilized by treating it with 1:500 aqueous solution of chlorox (Calcium 
hypochlorite) for 5 minutes and then washed thrice with sterilized distilled water. 
The eggs in the eggmass were allowed to hatch out at 28 +2"C under aseptic 
conditions on a sieve layered with tissue paper. The sieve was placed over 
Petridish (10cm in diameter) containing distilled water. Seedlings of brinjal grown 
in 12 inch clay pots, containing sterilized soil was inoculated with the second stage 
juveniles so obtained. Nematodes were extracted from the soil after two months, 
according to Cobb's decanting and sieving method followed by "Baermann funnel 
technique' (Southey, 1986). Nematodes so obtained were used for inoculating 
fresh brinjal seedlings growing in 12" clay pots containing sterilized soil. Second 
stage larvae of root knot nematode infected the roots and multiplied. 
After 2-3 months, the eggmasses from heavily infected roots of brinjal on 
which pure culture of Meliodogyne incognita was maintained were handpicked 
with the help of sterilized forceps. These eggmasses after being washed in distilled 
water were placed in sieve with a layer of double tissue paper. Later the sieve was 
placed in Petridish containing water just touching its lower portion. A series of 
such assemblies were kept to get required number of second stage juveniles for 
inoculation. After every 24 hours the hatched out larvae were collected alongwith 
water from the Petridish in a beaker and fresh water was added to the Petridishes. 
The water suspension of root-knot nematode was thoroughly stirred lor 
making homogenous distribution of nematodes before taking 2ml of suspension in 
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the counting dish. The counting of nematodes was done with the help of 
stereoscopic microscope. An average of five counts was taicen to determine the 
density of nematodes in the suspension. Volume of water in the nematode 
suspension was so adjusted that each ml contained about 100 nematodes, which 
was done by either adding more water or decanting the excess amount ol" water so 
that 10ml of this suspension contained 1000 second stage juveniles of root-knot 
nematode. 
3.4 Collection of the fungus, Rhizoctonia solani 
The Rhizoctonia solani fungus was brought from Indian type culture 
collection of Plant pathology lARI, New Delhi dated 10/07/2009 number-6376. 
then small bits of this fiingus were transferred in 10 petridishes and 20 culture 
tubes were filled with sterilized potato dextrose agar (PDA) culture media. Ihe 
composition of PDA was as follows. 
Peeled and sliced 
Dextrose 
Agar-Agar 
Distilled water 
potato 200 g 
20 g 
20 g 
1000 ml 
Petridishes and culture tubes were incubated at 28 i2°C for 10 da\s. Ihc 
fungus which developed on culture media were examined and identified. After 
confirmation of fungus as Rhizoctonia solani, its pure culture was prepared and 
maintained. 
3.5 Raising and maintenance of fungal culture 
The isolated fungus viz., Rhizoctonia solani was further raised on Richard's 
liquid (Riker and Riker, 1936) medium having the following composition. 
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Potassium nitrate - 10.00 g 
Potassium dihydrogen phosphate - 5.00 g 
Magnesium sulphate - 2.50 g 
Ferric chloride - 0.02 g 
Sucrose - 50.00 g 
Distilled water - 1000 ml 
The medium was prepared and sterilized in an autoclave at 15 lb 
pressure/inch^ for 15 minutes in 250 ml Erlenmeyer flasks, each flask containing 
about 80 ml of Richard's liquid medium. Small bits of the mycelium of the fungus 
were transferred to the conical flasks. Inoculated flasks were incubated at 28 > 2"C 
for about 15 days to allow growth of the fungus. The pure culture of the fungus 
was continuously maintained on PDA contained in the test tubes by re-inoculation 
of the fungus after every 15 days. 
3.6 Preparation of fungal inoculum 
After incubating the conical flasks for about 15 days, the liquid medium 
was filtered through waterman filter paper No.l, the mycelial mat was washed in 
distilled water to remove the traces of medium and gently pressed between the 
folds of blotting paper to remove the excess amount of water. Inoculum was 
prepared by mixing 10 g ftingal mycelium in 100 ml of sterilized distilled water 
and blending it for 30 seconds in a waring blender. Thus each 10ml of this 
suspension contained 1.0 g of the fungus. 
3.7 Inoculation techniques 
Roots of okra seedlings, just before inoculations were exposed by carefulh 
removing the top layer of soil and the required quantity of nematode suspension 
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and fungus inoculum was poured uniformly all around the exposed roots using 
sterilized pipette. Exposed roots were immediately covered with soil properK. 
Uninoculated plants served as control. Each treatment was replicated three times 
and suitably randomized on a glass house bench. Plants were watered as and w hen 
required and terminated after 60 days of inoculation. 
3.8 Studies on the pathogenicity of Meloidogyne incognita and 
Rhizoctonia solani on Okra: 
In order to determine the inoculum threshold of root-knot nematode i.e 
level of the inoculum capable of causing significant damage, the seedlings of okra 
were inoculated with 250, 500, 1000, 2000, 4000 and 8000 freshlv hatched 
juveniles of M incognita. Similarly, to determine the inoculum threshold level of 
Rhizoctonia solani, the seedlings of okra were inoculated with 0.25, 0.50. 1.0. 2.0. 
4.0 and 8.0 g mycelia + sclerotia of the fungus / plant. 
3.9 Effect of individual, concomitant and sequential inoculation 
oi Meloidogyne incognita and Rhizoctonia solani on Okra -
1. Uninoculated (control) 
2. Inoculated with R. solani 
3. Inoculated with M incognita 
4. Rhizoctonia solani inoculated 15 days prior to M incognita 
5. Meloidogyne incognita inoculated 15 days prior to R.solani 
6. Concomitantly inoculated with M.incognita and R. solani 
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3.10 Recording of observations 
Observations and recording of data were done under following 
headings: 
3.10.1 Plant Growth Determination: 
Plant growth was determined on the basis of length, fresh and dry weight of 
plants. Plants were uprooted after 60 days of inoculation and roots were washed 
thoroughly in slow running tap water. Most care was taken to avoid loss and injury 
of root system during the entire operation. For measuring length, fresh and dr\ 
weight, the plants were cut with a sharp knife just above the base of root 
emergence. Length of shoot and root was recorded in centimeters from the cut end 
to the tip of first leaf and the longest root respectively. For measuring dr\ weight, 
the shoot and root were kept in envelops separately for drying in an oven running 
at 80°C for 24 hours and the weight was recorded in grams. For interpretation of 
results, the reduction in plant growth was calculated in terms of percentage 
reduction for all plant growth paramerers. 
3.10.2 Root-knot and root-rot estimation: 
The galls produced by root-knot nematode {Meloidogyne incognita) were 
estimated by counting the number of galls per root system. 
The percentage of rotting per root-system was also determined. 
3.10.3 Nematode population estimation: 
For extraction of nematodes, the soil from the pot of each treatment w as 
mixed thoroughly and a sub-sample of 200 gm soil was processed through sie\ cs 
according to Cobb's sieving and decanting method followed by -Baermann funnel 
technique'. The nematode suspension was collected in a beaker and volume made 
up to 100 ml. For proper distribution of nematodes, the suspension was bubbled 
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with the help of pipette and 2 ml suspension from each sample was drawn and 
transferred to a counting dish. The number of nematode were counted in three 
replicates for each sample. Mean of three such counting was calculated and the 
final population of nematodes per kg soil was determined. 
To estimate the nematode population in roots, 1.0 g root from each replicate 
was macerated with enough water in an electrically operated waring blender for 
about 30 to 40 seconds. The macerate was collected in a beaker and the volume 
was made up to 100 ml. The nematode population was calculated as described 
above. Reproduction factor (Rf) of root knot nematode was calculated b\ the 
formula Rf = pf/pi where "Pf' represented the final and "Pi" initial population of 
the nematode. 
3.11 Effect of botanicals on the growth parameters of okra 
Chopped leaves of aak {Calotropis procera) Fam-Asclepiadaceae. castor 
{Ricinus communis L.) Fam-Euphorbiaceae, Datura {Datura stramonium \ar. 
tatula L.) Fam-Solanaceae, dudhhi {Euphorbia hirta L.) Fam-Euphorbiaccae. 
Kaner (Nerium indicum Mill.) Fam-Apocynaceae, marigold {Tagetes erecta L.) 
Fam-Asteraceae, peeli katili (Argemone Mexicana L.) Fam-Papaveraceae. 
sadabahar {Catharanthus roseus L.) Fam-Apocynaceae. solanum (Solanum 
nigrum L.) Fam-Solanaceae and congress grass {Parthenium hysterophonis L.) 
Fam-Asteraceae were used as organic amendment. These organic materials 
separately mixed with soil@20g/kg soil. The pots were watered after treatment to 
ensure proper decomposition of organic matter. After two week of waiting period, 
seeds of okra were sown in these pots. After 15 days, these seedlings were 
simultaneously inoculated with 2000 freshly hatched second stage juveniles of M 
incognita (Kofoid and White) chitwood, and 2g. mycelium of Rhizoctonia solani 
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(Kuhn). There were five replicates for each treatment including the untreated 
uninoculated and untreated inoculated control. 
The experiments were terminated after 60 days. The plants were carefully 
uprooted and the roots were washed gently and thoroughly under running tap 
water. The different plant growth parameters including length in terms of (cm.) 
and fresh weight in terms of grams (g.) of shoots and roots were determined 
separately. Before taking the weight, the shoots and roots are kept in blotting 
sheets to remove excess amount of water. The extent of root-knot infection was 
calculated by counting the number of galls/root system. Nematode population was 
estimated as described earlier. Percentage rotting was also estimated. 
Reproduction factor (Rf) of root-knot nematode was calculated by the formula of 
Oostenbrink (1966) as follows: Rf= Pf/Pi where "Pf represented the fmal 
population and "Pi" initial population of nematode. 
STATISTICAL ANALYSIS 
Statistical analysis of the data for critical difference (CD.) at P=0.05 and 
P^O.OI levels was done as per procedure described by Panse and Sukhatmc 
(1978). 
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CHAPTER - 4 
RESULTS 
4.1 Effect of different inoculum levels of Meloidogyne incognita 
on the growth parameters of okra 
It is evident from the data presented in table I and Fig. 1 that the reduction 
in plant growth characters of okra were directly proportional to the inoculum 
levels of M Incognita i.e. with increasing levels of the inoculum from 250 to 8000 
second stage juveniles of Meloidogyne incognita there was a corresponding 
increase in the percentage reduction of plant growth characters of okra. 
The inoculation of plant with 250, 500, 1000, 2000. 4000 and 8000 .Implant 
resulted in 2.59, 5.79, 7.14, 19.03, 26.47 and 30.51 percent reduction respectively 
in the length of the plant. However, inoculum level up to 1000 J2/planl did not 
show any significant reduction in plant length. Significant reduction in plant 
length was recorded at and above 2000 J2/plant. 
Similar result was found regarding the fresh weight of the plant, which was 
found to be 4.26, 6.09, 7.30, 22.52, 30.22 and 35.29 at the inoculum levels of 250. 
500, 1000, 2000, 4000 and 8000 Js/plant respectively. Here also significant 
reduction in fresh weight of the plant was recorded at and above 2000 Ji'plant. 
Percentage reducfion in dry weight of the plant was found to be 2.47. 3.70. 
8.52, 24.69, 33.33 and 37.04 at the inoculum levels of 250. 500. 1000. 2000. 4000 
and 8000 J2/plant respectively. Here also the inoculum level up to 1000 .h plant 
did not show any significant reduction in dry weight of the plant as compared to 
control. Significant reduction in plant growth was recorded at and above 2000 
J2/plant. Further it was observed that the reduction in plant growth i.e. length. 
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fresh and dry weight was not significant between the inoculum levels of 4000 and 
8000 Jz/plant. 
4.2 Effect of different inoculum levels of M. incognita on 
nematode multiplication 
The data presented in table 2 and Fig. 2, clearly reveals that the final 
nematode population of M incognita was highest (i.e. 20670) in and around plants 
inoculated with 8000 Ja/plant and lowest (i.e. 4057) in and around plants 
inoculated with 250 J2/plant. A significant linear relationship was found between 
the initial population (Pi) and the final population (Pf) of M incognita. The 
multiplication of root-knot nematode significantly reduced with the increase in the 
inoculum levels. The reproduction factor was highest (16.2%) at the minimum 
inoculums level (250 J2/plant) and lowest 2.5%) at the maximum inoculum level 
(8000 J2/plant). Thus, the rate of nematode multiplication showed a declining 
trend with the increase in the initial inoculum level suggesting it to be a density 
depending phenomenon. 
The number of galls/root system was recorded as 20.00, 38.00, 59.00, 
117.00, 152.00 and 162.00 at the inoculum levels of 250, 500, 1000, 2000, 4000 
and 8000 J2/plant respectively. Wherever the gall rating was high the reproduction 
factor was low. There was a corresponding decrease in reproduction factor with 
an increase in number of galls/root system. The damaging threshold levels of M 
incognita on okra was found as 2000 J2/plant. 
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Fig. 1. Effect of inoculum levels of Meloidogyne incognita (Mi) on growth parameters of 
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Fig. 2. Effect of inoculum levels of Meloidogyne incognita (Mi) on its reproduction factor 
(Rl) and gall formation on okra plant {Abelmoschus esculentus L.). 
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4.3 Studies on the pathogenicity of Root-rot fungus Rhizoctonia 
solani on okra 
The data presented in Table 3 and Fig. 3 also clearly revealed that there was 
no significant reduction in plant growth parameters up to 1.0 g mycelia mat of 
Rhizoctonia solani as compared to control. Moreover, the reduction in plant 
growth parameters was increased with an increase in the inoculum levels from 
0.25 to 8.00 g mycelial mat/plant. Inoculation of plant with 0.25. 0.50. 1.00. 2.00. 
4.00 and 8.00 g mycelial mat/plant resulted in 2.90, 4.65. 7.84. 12.31. 18.5 and 
23.16 percent reduction respectively in the length of the plant. 
Similar resuh was found regarding the fresh weight of the plant where 
percent reduction was found to be 2.43, 5.68, 9.13, 15.62. 24.75 and 27.38 at the 
inoculum levels of 0.25, 0.50, 1.00, 2.00, 4.00 and 8.00 of mycelial mat/plant 
respectively. 
Percentage reduction in dry weight of the plant was found to be 2.47. 4.32. 
7.78, 16.05, 23.46 and 25.93 at the inoculum levels of 0.25, 0.50. 1.00. 2.00. 4.00 
and 8.00 g mycelial mat/plant respectively. The significant reduction in plant 
growth parameters was observed at and above 2.00 g mycelial mat/plant. 
However, the reduction in plant growth was not significantly different between the 
inoculums levels of 2.0 and 4.0 and also at 4.0 and 8.0 g mycelial mat/plant. 
Similarly, the percentage of root-rot/root system was also increased with an 
increase in inoculum levels. The percentage of root-rot was recorded as 1.05. 
2.50, 7.20, 22.00, 27.50 and 30.20 in the plants inoculated with 0.25. 0.50. 1.00. 
2.00, 4.00 and 8.00 g mycelial mat/plant respectively over control, indicating that 
the threshold level of Rhizoctonia solani on okra was 2.0 g mycelia mat/plant. 
Significant reduction in all plant growth parameters i.e.. length, fresh and dr\ 
weight of the plant was found at and above 2.00 g mycelial mat per plant (fable 3 
and Fig. 3). 
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I Plant fresh weight (gm) 
O Plant dry weight (gm) 
Percentage of rotting/root system 
« >-
tt D) 
I 
I 
c»" 
.o***' 
.oC»>^ 0. ^W> 
Inoculum level 
Fig. 3. Effect of different inoculum levels of Rhizoctonia solani (Rs) on growth parameters 
and percentage of rotting/root system of okra plant {Abelmoschus esculentus L.). 
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4.4 Studies on the effect of individual, concomitant and 
sequential inoculation of root-knot and root-rot fungus on 
plant growth and disease development of okra 
It is evident from the Table 4 and Fig. 4 tiiat the inoculation of okra 
seedlings with Meloidogyne incognita (Mi) and Rhizoctonia solani (Rs) 
individually, concomitantly and sequentially caused significant reduction in plant 
growth characters as compared to uninoculated plant (control). The reduction in 
plant growth characters i.e. length, fresh and dry weight of the plant was recorded 
as 16.55, 20.69 and 23.46 respectively in the plants individually inoculated with 
M incognita. Similarly, the percent reduction was found as 10.34, 13.59 and 
12.35 for length, fresh and dry weight respectively as compared to control, in the 
plants inoculated with R. Solani. Out of the two test pathogens, M. incognita on 
okra was more damaging than R. solani. 
Moreover, the greatest reduction in plant growth parameters was caused by 
the simultaneous inoculation of M. incognita and R. Solani (Mi+Rs) follow ed b\ 
sequential inoculation of nematode 15 days prior to fungus (Mi^'Rs), and fungus 
inoculation 15 days prior to nematode (Rs->Mi). In the corresponding treatments 
reduction in plant growth characters viz., length, fresh and dry weight of the plant 
was recorded as 46.02, 49.29 and 53.09, 36.40, 39.55 and 45.68. 28.34. 30.24 and 
34.57 respectively. Simultaneously as well as sequential inoculation of both 
pathogen caused more reduction in plant growth characters as compared to the 
damage caused by either pathogen alone. Minimum reduction in plant growth 
character was recorded in the treatment which received the treatment of fungus 
alone. 
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4.5 Effect of individual, concomitant and sequential inoculation 
of Meladoigytie incognita and Rhizoctonia soloni on 
multiplication of nematode on okra plant 
The final nematode population of M incognita was highest (i.e.. 15718) in 
and around plants inoculated with nematode only having the Rf (7.8) and lowest 
(i.e., 4907) in and around plants in sequential inoculation where fungus was 
inoculated 15 days prior to nematode (Rs^Mi) having the Rf (2.45). hi 
sequential inoculation, nematode population was more where nematode was 
inoculated 15 days prior to fungus (Mi->Rs) i.e. 12695 having the Rf (6.37). In 
concomitant inoculation (Mi+Rs) nematode population was 85472 having Rf 
(4.20). Multiplication of the nematode was significantly reduced in the presence 
of the fungus. Maximum galling (i.e. 122/root system) was observed when 
nematode was inoculated alone and minimum number of galls was recorded when 
fungus was inoculated 15 days prior to nematode (Rs-^Mi) i.e. 49/root system 
treatment. 
The greatest reproduction factor 7.80 was recorded in the plant inoculated 
with M incognita alone. However, on the other hand the reproduction factor was 
recorded as 6.3, 4.20 and 2.45 in the plants inoculated with nematodes 15 days 
prior to fungus, nematode + fungus and fungus 15 days prior to nematode 
respectively (Table 5 and Fig. 5a). 
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4.6 Effect of individual, concomitant and sequential inoculation 
of Meloidogyne incognita and Rhizoctonia solani on intensity 
of root-rot on okra plant 
The intensity of root-rot/root system caused by R. solani was increased in 
the presence of root-knot nematode M incognita as compared to when R. solani 
was inoculated individually. The highest root-rot (55.0%) was recorded in 
concomitant inoculation (Mi+Rs), followed by sequential inoculation where 
nematode was inoculated 15 days prior to fungus (Mi^-Rs) (40.0%) and R. solani 
15 days prior to M Incognita (Rs->Mi) (32%). Minimum root rotting (15.70%) 
was observed when fungus was inoculated alone (Table 5 and Fig. 5b). 
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• Plant length (cm) 
•Plant fresh weight (gm) 
a Plant dry weight (gm) 
Control 
(uninoculated) 
Rs Mi+Rs 
Treatments 
Mi^Rs Rs^MI 
Fig. 4. Effect of individual, concomitant and sequential inoculation of Meloidogyne incognita 
(Mi) Rhizoctonia solani on plant growth parameters of okra plant {Abelmoschus 
esculentus L.). 
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1 • 
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1 
I ( 
Control 
(uninoculated) 
• 
• • 
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• 
1 
I 1 
Mi Rs Mi-i-Rs 
Treatments 
Rs^Mi 
Fig. 5a- Effect of individual, concomitant and sequential inoculation of Meloidogyne 
incognita (Mi) Rhizoctonia solani (Rs) on reproduction factor (Rf) of on M Incognita 
okra plant (Abelmoschus esculentus L.). 
Mi = Individual inoculation of Meloidogyne incognita 
Rs = Individual inoculation of Rhizoctonia solani 
Mi + Rs = Concomitant inoculation of M incognita and R. solani 
Mi—>Rs = Sequential inoculation of M incognita and R. solani 
Rs-*Mi = Sequential inoculation of R. Solani and M. incognita 
66 
Results 
• No. of galls 
• Percentage of rotting/root system 
Control 
(uninoculated) 
Ml+Rs Mi->Rs Rs->Mi 
Treatments 
Fig. 5b- Effect of individual, concomitant and sequential inoculation of Meloidogyne 
incognita (Mi) Rhizoctonia solani on number of galls and percentage of rotting/root 
system of okra plant (Abelmoschus esculentus L.). 
Mi = Individual inoculation of Meloidogyne incognita 
Rs = Individual inoculation of Rhizoctonia solani 
Mi + Rs = Concomitant inoculation of M incognita and R. solani 
M i ^ R s = Sequential inoculation of M incognita and R. solani 
Rs—»Mi = Sequential inoculation of R. Solani and M incognita 
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4.7 Effect of soil amendment with chopped leaves (fresh) of ten 
botanicals on the plant growth parameters of okra 
The data presented in the Table 6 and Fig. 6 revealed that the concomitant 
inoculation of okra seedlings with Meloidogyne incognita and Rhizoctonia solani 
caused significant reduction in plant growth characters viz.. plant length, fresh 
and dry weight of the plant and was found 48.88, 50.31 and 55.42 percent 
respectively as compared to control (uninoculated- unamended). 
The concomitant inoculation of plants with M. incognita and R. solani and 
either of organic amendments viz.. Marigold {Tagetes erecta L.). aak {Calotropis 
procera Ait.^, datura (Datura stramonium h.), castor (Ricinus communis \..i. 
dudhi {Euphorbia hirta L.^  peeli katili (Argemone mexicana Lj. Congress grass 
{Parthenium hysterophorus L.^ , sadabahar {Catharanthus roseus L.) signillcanth' 
reduced the damage in terms of plant growth parameters viz.. length, fresh weight 
and dry weight of okra plants as compared to the plants inoculated with 
Meloidogyne incognita and Rhizoctonia solani only. The highest improvement in 
growth parameters was recorded in the plants treated with marigold followed by 
aak, datura, castor, dudhi, peeli katili, congress grass and sadabahar. In 
corresponding treatments, the percentage reduction in length was recorded as 
25.03, 30.05, 31.76, 33.48, 34.22, 35.61, 37.43, 38.18 respectively, fresh weight as 
25.46, 32.65, 35.93, 36.76, 38.19, 39.22, 40.25, 41.07 and dry weight as 32.53. 
37.35, 39.76, 42.17, 43.37, 44.58, 46.99, 49.40 percent respectively and 
percentage improvement in all the growth parameters was found to be significant 
against control. However there was no significant variation in plant growth 
parameters in the soil amended with chopped leaves of makoi and kaner as 
compared to (inoculated-unamended) control. Reduction in plant growth was 
found to be 46.31 and 47.59 for length, 49.28 and 49.69 for fresh weight and 54.22 
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and 55.42 for dry weight in makoi and kaner respectively. The highest significant 
improvement in the plant growth parameters viz., length, fresh and dry weight was 
recorded in the plants grower in soil amended with marigold leaves and the low est 
significant improvement was recorded in the plants grown in soil amended with 
sadabahar leaves. 
4.8 Effect of soil amendments with chopped leaves (fresh) of ten 
botanicals on the multiplication of Root- knot nematode 
The data presented in the Table 7 and Fig. 7b clearly indicated that 
multiplication rate of Meloidogyne incognita was greatly reduced in the amended 
pots as compared to the inoculated and unamended control. Minimum number of 
galls was reported in soil amended with marigold leaves where it was found as 30 
galls/root system as compared to control (inoculated-unamended) where 63 
galls/root system were observed. Similarly the number of galls were significantly 
reduced in other treatments also i.e. aak, datura, castor, dudhi, peeli katili. 
congress grass and sadabahar where it was found to be 36. 39, 44, 46, 49. 50 and 
52 respectively. The total population of nematode was significantly reduced in 
soil amended with the fresh chopped leaves of marigold, aak. datura, castor, dudhi. 
peeli katili, congress grass and sadabahar were it was found to be 4840. 5680. 
6020, 6430, 7070, 7010, 7610 and 8070 respectively as against control 
(inoculated-unamended) where it was found to be 10230. In case of soil amended 
with makoi and kaner, there were no significant differences in the number ol' 
galls/root system, and population of nematode as compared to control. 
The highest reduction in the reproduction factor (Rf) of Meloidogyne 
incognita was observed in of plants where soil was amended with marigold leaves 
followed by aak, datura, castor, dudhi, peeli katili. congress grass and sadabahar 
where it was found to be 2.4, 2.8, 3.0, 3.2, 3.5, 3.5. 3.8 and 4.0 respectively as 
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against control (inoculated-unamended) where reproduction factor was 5.1 (lable 
7 and Fig. 7b). 
4.9 Effect of soil amendments with chopped leaves (fresh) ten 
botanicals on root-rot caused by R. solani 
The severity of root-rot caused by Rhizoctonia solani was reduced b\ the 
application of organic amendments viz., marigold, aak, datura, castor, dudhi. peeli 
katili, congress grass and sadabahar. The highest reduction in root-rot was 
recorded in the soil amended with marigold followed by aak. datura, castor, dudhi. 
peeli katili, congress grass and sadabahar and it was found to be 29. 33, 35. 38. 40. 
42, 44 and 47 respectively as against control (inoculated-unamended) where 
percent rotting was 53 (Table 7 and Fig. 7a). 
Percentage rotting in treatment with makoi and kaner was non-signitlcant 
(52 percent) as against control (inoculated-unamended) where it was reported 53 
percent. 
There was direct co-relation between nematode population and intensity of 
root-rot/root system. Where ever nematode population was high percentage of 
rotting/root system was also high. 
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Fig. 6. Effect of chopped leaves of ten selected botanicals on plant growth parameters and 
percentage rotting/root system of okra (Abelmoschus esculentus L.) in the presence 
of concomitant inoculation of Meloidogyne incognita and Rhizoctonia solani. 
T1 T2 T3 T4 T5 T6 T7 
Treatments 
T8 T9 T10 T i l T12 
Fig. 7a- Effect of chopped leaves often selected botanicals on the reproduction factor (Rf) of 
M. incognita in the presence of Rhizoctonia solani on okra (Abelmoschus esculentus 
L.). 
T1 = Control (unamended uninoculated) 
T2 = Control (unamended inoculated) 
T3 = Aak + (Mi+Rs) 
14 = Castor + (Ml+Rs) 
T5 = Congress + (Mi+Rs) 
T6 = Datura + (Ml+Rs) 
1 7 = Dudhi + (Mi+Rs) 
18 = Kaner + (Mi+Rs) 
19 = Makoi + (Mi+Rs) 
110 = Marigold + (Mi+Rs) 
T11 = Peeli Katili + (Mi+Rs) 
112 = Sadabahar + (Mi+Rs) 
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T1 T2 T3 T4 T5 T6 T7 
Treatments 
T8 T9 T10 T11 T12 
Fig. 7b Effect of chopped leaves often selected botanicals on gall formation of Af. Incognita 
in the presence of/?, solani on okra {Abelmoschus esculentus L.). 
T1 = Control (unamended uninoculated) 
T2 = Control (unamended inoculated) 
T3 = Aak + (Mi+Rs) 
T4 = Castor + (Mi+Rs) 
T5 - Congress + (Mi+Rs) 
T6 = Datura + (Mi+Rs) 
T7= Dudhi + (Mi+Rs) 
T8 = Kaner + (Mi+Rs) 
T9 = Makoi + (Mi+Rs) 
T10 = Marigold + (Mi+Rs) 
T11 = Peeli Katili + (Mi+Rs) 
T12 = Sadabahar + (Mi+Rs) 
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CHAPTER 5 
DISCUSSION 
Okra crop is cultivated intensively year after year on the same piece of land 
under irrigated condition or alternated with other susceptible vegetable crops. 
Yield losses to the extent of 90% in okra by root-knot nematode infestation have 
been reported from India (Bhatti and Jain 1977). Many reports have shown thai 
infection with the root-knot nematode (Meloidogyne spp.) and some root 
pathogenic ftingi may result in greater damage on the host plant than either of the 
pathogen alone. (France et al, 1994; Shahda et al., 1990: Srivastva and Singh. 
1991 and Khan and Hossini Nejad, 1991). 
In the soil ecosystem, the roots of plants are exposed and encountered w ith 
a variety of soil micro flora and fauna which include - fungi, bacteria, viruses and 
nematode etc. All these micro-organisms, occupying the same ecological niche 
have an impact on plants life and at the same time they act and counter act with 
each others life as well. Pathogens generally are capable of attacking susceptible 
hosts and producing particular type of symptoms associated with a particular t\ pe 
of disease. Among these, nematodes are seen as one of the most common type of 
pathogens present in soil. Losses caused by nematodes are apparent and enormous 
and when these are in association with other pathogens at times it becomes 
completely devastating. A disease complex is produced through interaction 
between organisms. Interaction may be of different type such as synergistic 
interaction which is positive interaction where an association between nematode 
and pathogen results in plant damage exceeding the sum of individual damage b\ 
pest pathogen, conversely, where an association between and pathogens results in 
plant damage less than that expected from the sum of individual organism. ma\ be 
described as antagonistic. The third type of interaction is where pathogens are 
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known to interact and are shown to cause plant damage that equates to the sum of 
individual damage by pest pathogen, the association is described as neutral. The 
baseline from which the positive, negative and neutral interactions are measured. 
In the present study main emphasis has been given to nematode-fungus 
interaction and nematicidal and antifungal activities of leaves of ten selected 
plants against root-knot nematode Meloidongyne incognita (Kofoid and White) 
Chitwood and root-rot fungus Rhizoctonia solani Kuhn in disease complex on 
okra. 
Before dealing with interaction and control, pathogenicity of both the 
pathogens was determined to work out the inoculum threshold level. 
In case of root-knot nematode, the seedlings of okra were separately 
inoculated with different inoculum levels (250, 500, 1000, 2000, 4000 and 800 
J2/plant) of the root-knot nematode M incognita. There was no significant 
variation in plant growth parameters upto 1000 J2/plant, but it was clearly found 
that percent reduction in plant gradually increased with the increase in the 
inoculum level and was statistically significant (Table 1). Maximum reduction in 
plant growth parameters was observed at the highest inoculum level (8000 
J2/plant). Moreover, significant reduction in plant growth parameters was 
recorded at and above 2000 J2/plant. 
The present results on okra crop are in agreement with those of Mani and 
Sethi, 1984; Khan and Hussain 1991; Bhat, 2010 where also the pathogenic level 
of M. incognita has also been reported as 2000 J2/plant by various workers on 
different crops. 
It was also observed that with an increase in the level of inoculum there 
was a progressive increase in host infestation as indicated by number of galls as 
well as the population of nematodes. Moreover, the rate of nematode 
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multiplication was reduced with the increase in the inoculum levels of M 
Incognita. This might be due to the destruction of root system by the parasitism of 
root-knot nematode which create competition for food and nutrition among the 
developing nematodes within the root system and also due to inability of juveniles 
to find out new infection sites for subsequent generations (Ogunfowora, 1977). 
The high rate of multiplication at low level of inoculum, on the other hand, could 
possibly be due to the positive factors like abundance of food, lack of competition 
and the ability of host to support these levels of population. 
Oostenbrink 1966, found that the increase in nematode population and 
subsequent reduction in the yield of crop are directly influenced by the initial 
density of the nematodes in the soil. His view holds true with the present findings 
where the plant growth was proportionately affected with increase in the number 
of galls and final nematode population. The progressive decrease in plant grow th 
and nematode multiplicafion with increasing inoculum levels of root-knot 
nematode on different crops have also been reported earlier by various workers 
(Gupta and Yadav, 1988; Khan and Husain, 1989; Pathak et al, 2000; Khan et ai, 
2004; Kumar and Pathak, 2005; 2006; Khan et ai, 2008). 
For determining the pathogenicity of Rhizoctonia solani and to determine 
the inoculum threshold level, the seedlings of okra were inoculated with different 
inoculum levels of ^. solani i.e. 0.25, 0.50, 1.00, 2.00, 4.00 and 8.00 g mycelial 
mat/plant and it was observed that the reduction in plant growth parameter was 
increased with the increase in the inoculum levels. Similarly the percentage of 
root-rot/root system was also increased with increase in the inoculum le\el. From 
the result obtained, it was found that the inoculum threshold level of R. solani on 
okra was 2.00 g mycelial mat/plant. Similar results have also been reported b\ 
Sharma, 2007 on balsam where also the inoculum threshold level of root-rot 
fungus Macrophominaphaseolina was 2.00 gm mycelial mat/plant. 
Discussion 
These level of inoculums were therefore, used in the experiments related to 
interaction as well as in the management of disease complex through organic 
amendments using botanicals. 
The development of disease in cultivated crops has long been known to 
depend on the complex inter-relationship between host, pathogen and prevailing 
environmental conditions. In case of soil borne pathogens further opportunities 
exist for interaction with other micro-organisms occupying same ecological niche. 
Meloidogyne spp. are most commonly associated with nematode-pathogen 
interactions and several root-knot nematode species including M. incognita 
interact with Rhizoctonia solani in disease complexes. Siddiqui et al.. 1984 
observed that both the nematodes and the fungus significantly reduced the plant 
growth of brinjal, tomato and chilli when inoculated separately, however, a 
synergistic effect was observed in plants inoculated with both the organisms. 
Similarly Bhagwati et al., 2007 reported synergistic interaction between M 
incognita and R. solani on okra. Hussain et al., 1985 found that peas were 
damaged by M incognita or R. solani but plant growth was suppressed even 
further when plants were inoculated with both the organisms simultaneous 1\. 
Prasad (1995) also reported a synergistic effect of the Rhizoctonia bactaticola and 
root-knot nematode Meloidogyne arenaria on ground nut. Synergistic effect of 
root-knot nematode and root-rot fungus has also been reported by various 
scientists on different crops (Golden, and Van Gundy, 1975: Chhabra et al.. 1977: 
Ali et al, 1992, Walker, G.E. 1994 and Bhagwati et al, 2007). 
In the experiments related to interactions significant reduction in plant 
growth characters was observed in the plants inoculated with M. incognita and R. 
solani either concomitantly or sequentially as compared to their individual 
inoculation. The maximum reduction in plant growth characters was recorded in 
concomitant inoculation (Mi+Rs) and the percent reduction in plant growth 
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parameters was found to exceed than the sum of reduction by both the pathogens 
inoculated alone and that is why it may be established that there was a synergistic 
(positive interaction) and this association was found to be significant. This was 
probably due to predisposition of plants by nematode to fungus attack and thus 
increasing disease severity. Such findings have earlier been reported on okra b\ 
Siddiqui et al, 1984; Bhagwati et ai, 2007 as well as on other crops b> Hussain 
et al, 1985 on pea and Prasad 1995 on ground nut. 
In sequential inoculation when M. incognita was inoculated prior to R. 
solani (15 days before), again there was a significant reduction in all the plant 
growth parameters (length, fresh and dry weight of the plant) and was found to be 
greater than the sum of the independent effects of M incognita and R. solani again 
resulting in a synergistic (positive) interaction. 
However, in the sequential inoculation where R. solani was inoculated 
before M incognita (15 days before) the percent reduction in plant growth 
parameters was less as compared to concomitant (Mi+Rs) and sequential 
inoculation (Mi^Rs). Lesser reduction in plant growth inoculated with the 
fungus followed by nematode is understandable, as it is likely that by the time the 
plants were inoculated with the nematode the fungus got sufficient lime to 
colonize the cortex making it less suitable for nematode attack or the fungus 
metabolites produced adverse effects on nematode or affected the feeding cells 
(James 1966; Khan and Hussain 1989; Ashraf and Khan 2005 and Sharma and 
Haseeb 2006). Therefore, it can be concluded that in this type of sequential 
interaction (Rs^'Mi), there was an additive interaction between the two test 
pathogens. 
Host infestation by the nematode, as evident, from reproduction factor (Rf) 
and root galling was maximum when the nematode occurred alone. In the 
presence of fungus, in all the combinations, reproduction factor and root galling 
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was significantly reduced. Prior inoculation with the fungus (Rs^Mi) was 
comparatively inhibiting to nematode multiplication and galling compared with 
fungus inoculation after the nematode (Mi->Rs) or when two pathogens were 
inoculated simultaneously (Mi+Rs). 
These studies also revealed that growth of the nematode was checked b\ 
the fungus. This is clear by the reduction in the final population of the nematode. 
These results are in accordance with those of James (1966) and Ketudat (1969). 
Even though the fungus was antagonistic to the nematodes the damage of plants 
was more when both the organisms were inoculated concomitantly of sequenlialK 
where Mi was inoculated prior to Rs (Mi^Rs). This is understandable because 
both the pathogens had their own share while damaging the plants. These result 
are also in agreement with the reports of Mahapatra and Swaim 2001; Hasecb et 
al, 2005, and 2007. 
However, these result differ from those of Golden and Van Gundy (1975) 
who reported marked reduction in growth of okra and tomato seedlings when the\ 
were inoculated with M. incognita followed by R. solani (Mi-^Rs) than in those 
plants inoculated with both the pathogens simultaneously (Mi+Rs). 
Thus it can be concluded that interaction between M incognita and R. 
solani was synergistic in nature on okra in both concomitant (Mi+Rs) and 
sequential inoculation of Mi inoculated 15 days prior to Rs (Mi-^Rs). The results 
are in agreement with Chahal and Chhabra, 1984 and Hasan and Khan 1985. also 
reported synergistic effect of M incognita and Rhizoctonia solani on tomatoes. 
However, in the sequential inoculation of/?, solani 15 days prior to M incognita 
i.e. (Rs^'Mi), the interaction was additive. 
The root-rot index increased in the presence of nematode. Highest root-rot 
index was observed when the nematode was inoculated simultaneously (Mi+Rs) or 
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when the nematode preceded the fungus by 15 days (Mi->Rs). Increase in root-rot 
index in the present of nematode has been reported earlier by Golden and Van 
Gundy 1975; Anver et al, 1991; and Siddiqui and Hussain 1992. This could be 
due to some physio-chemical changes in the host tissues leading to chemical 
changes in the root exudates which normally contain amino acids, sugar and other 
carbohydrates, etc., thereby stimulating attraction and growth of the fungus, fhe 
nematode infected cells are more easily parasitized by fungus than normal cells 
(Melendez and Powel, 1967). 
The data presented in the Table 6 and Fig. 7 clearly showed that the 
concomitant inoculation of M incognita and R. solani caused significant reduction 
in growth parameters of okra plant. The soil was amended with chopped leaves of 
ten test plants viz., marigold (Tagetes erecta L.), aak {Calotropis procera Ait.). 
datura (Datura stramonium L.), peeli kaili (Argemone mexicana L.). congress 
grass {Parthenium hysterophorus L.), sadabahar {Catharanthus roseus L.). makoi 
{Solamum nigrum L.), and kaner (Nerium indicum Mill.) to evaluate the efficacy 
of these plants against disease complex on okra. 
Several plants are known to possess nematotoxic and fungicidal properties 
(Sosamma and Jayasree, 2002; Ravichandar 1987; Manibhushanrao et al. 1988). 
Among the ten plants tested, leaves of almost all plants exhibited 
nematicidal and fungicidal properties. But out of ten plants, eight plants were 
more effective in reducing the severity of disease complex and improving the 
growth parameters significantly (length, fresh and dry weight of plant) of okra 
than the remaining two plants. These eight plants were effective in the order of 
marigold -> aak -^ datura -^ castor^dudhi^peeli katili->congress grass -^ 
sadabahar. Maximum improvement in plant growth parameters (length, dry and 
fresh weight), reduction in nematode population, number of galls/root system and 
percentage of rotting was observed in the soil amended with leaves of marigold 
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when the plants received the simuhaneous inoculation of root knot nematode. M. 
incognita and root rot fungus, R. solani over control (unamended-inoculated). 
Marigold has already been reported to contain nematicidal as well as 
fungicidal properties by various workers (Akhtar and Mahmood. 1994: Widmer 
et al, 2002). The chemicals commonly occur in the marigold are Bithienyls and 
little Terthienyl. These chemicals have nematicidal properties and root extract of 
marigold is reported to be lethal to the eggs of Melidogyne nematode (Topp et al.. 
1998; Earle and Jones 1962). 
In my experiment also significant improvement in the plant growth 
parameter (length, fresh and dry weight) was found in the soil amended with 
marigold leaves in comparison to unamended, inoculated control. Earlier it has 
been reported that frequency and population of fungi were lowest when the soil 
was amended with chopped pats of Tagets erecta (Prakash et al., 1985) due to 
fungicial property of marigold. Tyler (1938) and steiner (1941) were the pioneer 
in recording resistance of Tagetes spp. to Meloidogyne. Oostenbrink et al., (1957) 
showed that by growing Tagetes, population of Pratylenchus sp. could be reduced 
by 90 percent. 
It has been reported that other species of marigold i.e. Tagetes patula is 
also effective against M incognita and caused significant reduction in nematode 
population and improve the growth parameters of tomato plant (Rather et a I., 
2007). 
Wang et al, (2007) observed that marigold can be used as a substitute for 
synthetic nematicides. In some instances, marigold can reduce nematode 
population at greater soil depths than soil fumigant. 
The leaves of the aak were less effective than the marigold against the 
disease complex of Meloidogyne incognita and R. solani on okra. The plant is 
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commonly known as the swallow-wort or milkweed leaves bearing milky latex. 
The seedlings and leaves possess antifungal properties, the former inhibiting the 
growth of Fusarium nivale (Fr.) ces., F. Oxysporum. The aqueous extract of the 
leaves also inhibited the larval hatching of the root knot nematode [M. incognita 
(Kofoid and White) Chitwood, Anonymous, 1992]. 
The latex in leaves of aak contains the Calotropin, Uscharin, Calotoxin, 
Calactin and Uscharidin, Calotropagenin chemical. Reduction in the nematode 
population due to the latex of calotropis leaves has been reported earlier b\ 
Nandal and Bhatti (1993) and Trivedi et al, (1980). Sharma and Trivedi 2002 
reported nematicidal and antifungal property from the leaf extract of Colotropis 
procera. Rastogi and Mehrotra (1995) isolated two triterpene esters with 
biological activity from Calotropis leaves. The role of aak in the management 
must be attributed to the chemical composition of leaves. The leaves contain 
certain chemicals which proved to be antagonistic to root-knot nematode and root-
rot fungus thus helping in improving the plant growth. 
The leaves of datura were also effective against the disease complex of okra 
caused by the root knot nematode, Meloidogyne incognita and root-rot fungus. 
Rhizoctonia solani. It proved to be the third best amendment against disease 
complex. Leaf extracts have also been found effective against the fungus. 
Fusarium oxysporum f. sp. cumini and nematode, Meloidogyne incognita (Sharma 
and Trivedi 2002). The inhibitory effect of the plant leaves against fungi might be 
attributed to the presence of some antifungal toxicants in the leaves of datura. 
There are reports of nematicidal nature of different datura species b\ 
various workers (Rao et al, 1986; Gupta and Ram, 1981: Kumari et al, 1986; 
Mahmmood et al, 1979). The leaves of datura contain Lectins alkaloids and 
these have been reported to effectively control wheat rust (Anonymous. 2002). 
The ethanolic extract of the plant exhibited antifungal activity against rice 
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pathogens, Pyricularia oryzae, Rhizoctonia Solani, Fusarium moniliforme. I he 
leaf extract exhibited antifeedent and insecticidal activities against oicra fruit borer. 
Earias vittellla Des (Anonymous 2002). 
Leaves of castor have also been found significantly effective in controlling 
the disease caused by Rhizoctonia solani and Meloidogyne incognita on okra. Fhe 
leaves of castor used as organic amendment significantly improved the growth 
parameters viz., length, fresh and dry weight of the plant as against inoculated-
unamended and reduce nematode population and incidence of root-rot. This might 
be due to presence of Ricine alkaloid, Ricinolic acid, Linolic acid and 
Dehydroxy stearic acid present in castor plant. Nematicidal properties of castor 
are earlier reported by Zaki and Bhatti (1989). Oil seed cake was effective against 
the both pathogens M. incognita as well as Rhizoctonia solani (Khan and Alam. 
2001). Tiyagi and Alam (1995) reported that the oil seed cake of castor is 
effective against plant-parasitic nematodes and soil inhabiting fungi including 
Meloidogyne incognita and Rhizoctonia solani. The population of plant parasitic 
nematodes M. incognita and the frequency of R. solani was significantly reduced. 
The leaves of dudhi was fifth most significant amendment for improving 
growth parameters. The leaves of dudhi have characteristic milky latex. The root 
exudates exhibited nematicidal activities against juvenile Meloidogyne incognigta 
(Siddiqui 2006b). With an increased in concentration and exposure time of the 
leaf extract of dudhi, there was a corresponding increase in the mortality rate of M 
incognita juveniles, which might be due to the chemicals such tannins, saponins, 
flavonoids and alkaloids present in the leaf extract having nematicidal property 
(Olabiyi, 2008). Root and leaf extract of dodhi showed nematicidal activity 
against M.eloidogyne incognita and fungicidal activity against Fusarium 
oxysporum (Anonymous 1753). 
84 
Discussion 
Peeli katili was the sixth most effective amendment in controlling the 
disease complex, caused by Meloidogyne incognita and Ri^izoctonia solani. was 
helpful in improving the growth parameters, reducing the nematode population 
and percentage rotting by the fungus. Antagonistic nature of Argemone mexicana 
against M incognita has also been confirmed by (Nath et ai, 1982; Alam. 1986). 
Leaf extract of peeli katili significantly reduced root-knot development and 
multiplication of nematode caused by M incognita which naturally improved 
plant growth (Tayagi et al, 2003). The plant of peeli katili yield yellowish brown 
oil (22-37%), known as "'Argemone oil" and the oil is nauseous and non-edible. 
The oil also contain two alkaloids, Sanguinarine and Dihydroxysanguinarine. It 
is used as an insecticide. The stem and leaves contains Glycine, Alanine, Lucine, 
Valine, Phenyl aline, Tyrosine, Arginine, Serine, Lysine, Asparagine and 
Glutamic acid. The effective role of peeli katili in the management of disease 
complex may be attributed to the chemical present in stem and leaves. 
The leaves of congress grass, used as a soil amendment was also helpful in 
improving growth parameters of okra plant and significantly reducing the 
nematode population as well as percentage of rotting. Main toxic constituents of 
congress grass are Parthenin and Coronopilin. Parthenin is present up to 8% in 
capitulum and 5% in leaves. Some other toxic substances are also reported in the 
leaves and roots such as Caffic acid, Chlorogenic acid, p-hydroxybenzoic acid, 
p-anisic acid, Vanillic acid and salicylic acid. The congress grass possess 
antifungal properties, the cold water extract of the leaves showed 50.5% 
inhibition while hot water extract showed 48.3% inhibition of mycelial growth of 
Pythium (Anonymous 2003). Pesticidal properties of congress grass have been 
reported by (Rao et ai, 1986; Hasan and Jain 1984; Datta and Saxena, 2001). 
Soil amended with the sadabahar leaves also improved significantly the 
growth parameters of okra plant and reduced the root-rot. and nematode 
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population, in the present experiments. Leaf extract of the sadabahar was tested 
against the M incognita and result showed higher rate of mortality of nematodes 
(Sosamma and Jayasree, 2002). Sadabahar plant is a rich source of alkaloids and 
these are antinoplastic dimeric alkaloids. Vinblastine and Vincristine are mainly 
present in aerial part of the plant. There are reports where periwinkle (sadabahar) 
has shown significant reduction in root-knot disease caused by M incognita and 
M javanica with improvement in growth of plant like okra (Patel et al.. 1987a) 
and Papaya (Reddy et al, 1993a, b). Periwinkle aqueous extract also inhibited 
egg hatching and caused 100% larval mortality of M incognita root-knot 
nematode (Patel et al, 1987b; Pathak et al, 1989). 
In present investigation makoi and kaner were ineffective as far as the 
improvement of plant growth parameters is concerned. They either had no effect 
or if there was some improvement it was almost negligible and statisticalK 
insignificant. 
Organic amendments are not only safe to use but also have the capacit\ to 
improve soil structure and fertility. In addition they are cheaper, safer and easier 
to apply with no risk of pollution and thus maintaining the balance of biological 
ecosystem, making the planet worth for human population. Thus, control strategies 
are now directed towards the use of natural products. 
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CHAPTER 6 
SUMMARY 
The reduction in plant growth characters of okra was directly proportional 
to the inoculum levels of Meloidogyne incognita i.e. with increasing the inoculum 
levels from 250 to 8000 second stage juveniles of M incognita (hj per plant, there 
was a corresponding increase in the reduction of plant growth characters of okra. 
However, the inoculum levels upto 1000 J2/plant did not show significant 
reduction in plant growth characters as compared to control. Although, the 
significant reduction in plant growth was recorded at and above 2000 .I^/plant. 
Further, it was observed that the reduction in plant growth was not significant 
between the inoculum levels of 4000 and 8000 Jj I plant. 
It was also observed that with an increase in the level of inoculum there 
was a progressive increase in host infestation as indicated by the number of galls 
as well as the population of nematodes. Moreover, the rate of nematode 
multiplication was reduced with the increase in the inoculum density of M 
incognita. 
The inoculation of Rhizoctonia solani at the rate of 0.25, 0.50 and l.Og 
mycelial mat/plant did not show any significant variation in plant growth as 
compared to control. Moreover, a significant progressive decrease in plant growth 
characters was recorded at and above 2.0g mycelial mat/plant. Similarly, the root-
rot caused by R. solani was also increased with the increase in the inoculum levels. 
The information gathered from the present study may provide the base line for 
further research to develop appropriate strategies for the management of root-knot 
nematode (M incognita) and root-rot fungus {R. solani) on okra. 
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It can the concluded from the above results that the damaging threshold 
level of M. incognita on okra was 2000 J2/plant and that of R. solani was 2.0g 
mycelial mat/plant. 
Okra seedlings were inoculated with M.incognita and R. solani 
individually, concomitantly as well as sequentially with an interval of 15 days 
between the nematode and fungus. Simultaneous as well as sequential inoculation 
of both pathogens caused more reduction in plant growth characters as compared 
to the damage caused by either pathogen alone. 
Synergistic interaction was found in concomitant (Mi+Rs) and sequential 
inoculation of Mi inoculated 15 days prior to Rs (Mi-^Rs). However reproduction 
factor of M incognita was significantly reduced in concomitant and sequential 
inoculation as compared to individual inoculations. However in the sequential 
inoculation oiR. solani 15 days prior to M incognita i.e. (Rs->Mi). the interaction 
was additive. 
Multiplication of nematode and number of galls/root system was 
significantly reduced in concomitant and sequential inoculation as compared to 
individual inoculation. 
The intensity of root-rot/root system caused by R. solani was increased in 
the presence of root-knot nematode M incognita as compared to when R. solani 
was inoculated individually. 
In order to control disease complex of okra caused by M incognita and R. 
solani the fresh chopped leaves often test plant viz., Marigold (Tagetes erecta L.). 
Aak {Calotropis procera Ait), Datura {Datura stramonium L.), Castor (Ricinus 
communis), Dudhi (Euphorbia hirta), Peeli katili (Argemone mexicana L.). 
Congress grass (Parthenium hysterophorus L.), Sadabahar {Catharanthus roseus 
L.), Makoi (Solanum nigrum L.) and Kaner (Nerium indicum Mill.) were used in 
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the form of organic additives during concomitant inoculation Meloidogyne 
incognita and Rhizoctonia solani (Mi+Rs). Out of the ten plant tested, eight plants 
viz., marigold, aak, datura, castor, dudhi, peeli katili, congress grass and sadabahar 
were found to significantly improve the plant growth parameters and reduce 
nematode population and root-rotting. The efficacy of the plant was in order of 
marigold>aak>datura>castor>dudhi>peeli katili>congress grass>sadabahar. Ihc 
remaining plants makoi and kaner had no significant effect on plant growth 
improvement, nematode population and root-rotting. 
The uses of botanicals as organic amendments are not only safe but also 
have the capacity to improve soil structure and fertility. Thus control strategies are 
now directed towards the use of natural products. 
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